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MULTIPLE ACCESS COMMUNICATION NETWORK WITH COMBINED 
CONTENTION AND RESERVATION MODE ACCESS 

Field of the Invention 
This invention relates to communication networks and more 
particularly to packet based commimication networks with multiple access 
communication channels. 

5 

Background of the Invention 
Packet data systems are typically used for commimications networks and a 
variety of protocols have developed to regulate transmission and receipt of data 
packets on such networks. As long as the ideal error-free communication 

10 channel has not been realized, data conmiunication on such networks generally 
allows, among ptiher things, for retransmission of data when errors are 
detected. Various; protocols governing data transmission have evolved in an 
attempt to allow reliable data communications and to maximize network 
utilization. The need for optimizing channel utilization becomes even more 

15 pronounced where a heavily utilized wireless communication network such as a 
cellular or PCS system or a wire line network comprises a portion of the data 
communications network. 

Typical packet data systems uiclude a forward channel, generally referred 
to as a downlink (frorn base to portable) in a wireless network, and a reverse 

20 channel, typically referred to as an uplink (from portable to base) in a wireless 
network. The forward (or downlink) channel is typically a constant stream of 
data messages which are broadcast from a base station to a population of. 
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listening subscriber devices. The forward channel is a one to many broadcast 
channel. The reverse channel (or uplink) is shared by the population of 
subscriber devices and. as a consequence, is often referred to as a many-to-one 
channel. This immediately higMights that the access to the reverse c 
5 the subscribers must be carefully managed due to the risk of multip^^^ 

attempting tb use the cKannei at the same instant, which results in collisions and 
a waste of the available bandwidth. The difficulty of channel management is 
exacerbated because a -listen before transmission" policy is generally hampered 
because the subsciiber popuiiition is geographicaUy distributed^ 
10 consequence. Subscribers may not ascertain if the reverse channel is currenUy 
being utilized by another subsciiber.; This is known as the liidden terminal 

■problem." ' ' '''' '-' ■ ■ 

Packet data multiple access protocols are generally classified into two 

categories: contention protocols (such as Aloha and CSMA) or packet 

15 re^btvation protocols (such as PRMA). Wben employed in a digital packet 

radio system, these systems genei-ally employ control flags that are broadcast on 

the fbrward channel to inform the population of subscriber devices the status of 

the reverse channel. ITiis approach eliminates the . hidden terminal problem since 

all subscribers receive the forv/ard channel. Contention schemes usually utUize 

20 a small window in which access is permitted. If a single transmission ^^^^ 

the control flags inforiii the renmiaing members of the subscriber ^^^^ 

to transmit, allowing the channel to become dedicated to the transmitting 
subscriber: However; if wo mnsmissions occur at the 

occurs and chinnel bandwidth is wasted. ; 
25 - Packet reseiS-'atioa schemes manage the available channel 

bandwidth by either polling each subscriber in turn aiid dedicator 

channel if the subscriber has messages to transmit, or by providing a predefined 
peribdidic short contention window portion of each block in which very short 

reservation requests may be- transmitted. Upon receipt of a successful 
30 reservation request, the channel wm be allocated to the sr^^^ 

The reservation transmission is regarded as very efficientsmce wastage due to 
subscrfls^r transmission collisions generally does not . oca^^ 
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In general, both categories of multiple access protocols have significant 
system advantages and disadvantages. The typical construction of an Aloha 
Contention Protocol is illustrated in. FIG. 1. As illustrated in FIG. 1, 
synchronization words are imbedded in the forward channel at regular intervals 
5 which, in^tvam, delineate the reverse channel into dedicated transmission slots. 
A subscriber device is permitted to transmit a data packet in any slot. As a 
consequence, the utilization of a slot may be classified as a success, idle, or 

collision. A collision is defmed when energy is present within slot boundaries 
but faUs to decode which indicates that one or. more transmissions from 
10 different devices probably occurred. Idle slots are devoid of energy from 

subscriber transmissions and successful receipt of a transmission burst from a 
subscriber indicates successful utilization of a slot. Collision and idle slots 
represent a waste of avaUable reverse channel bandwidth. 

Aloha rype contention schemes generaUy provide for inefficient reverse 

15 channel utilization where long data packet transmissions such as file transfers 

are regularly encountered on the network. Such systems are also prone to 
instobility with increasing access rates resulting in increased collisions followed 
by an increase in retransmission attempts which effectively continues to increase 

the demand on the network. Back-off policies are typically provided to reduce 

20 " the risk of system instabiUty. Aloha systems do. however, allow the use of 

slow receive to transmit switching time devices thereby allowing the use of low 

' cbist, half-duplex haidwiare. : : . - 

A second type Of contention scheme .is a carrier sense multiple access 

(CSMA) protocol, the operations of which are illustrated in FIG. 2. Embedded 
-is in thfc forward chJinnelas a sequence of control flags. Each control flag 

delineates the reverse channel into a: sequence of collision windows and in 
' Edition indicates whether the reverse chamiel is currendy. being utilized 
(busy/idle) by a subscriber device. A subscriber device which has an 
- outstandii^ data packet(s) for transmission determines if the chamiel is busy or 
-30 idle prior to traiismission. Furthermore, if the chan^iel is sensed to be idle, the 

'= tramimssion occurs such that 

received by the base station prior to the transmission of the next busy/idle flag. 
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This requiremeiit eiisures that the base station is able to set the busy/idle flag to 
busy, thereby protecting the remaining segments of the reverse channel 
subscriber transmission from interference from other subscriber devices that 
liiay have outstanding data packets ready for tiansniission. The technique 
5 allows the subscriber device to transrhit variable length messages on the reverse 

channel without contending for the channel for each packet that requires 
transmission: Collisions may, however, occur during the collision window 
when the channel may be sensed to be idle by multiple subscribers with 
outstairiding packets. 

10 A further variant on ilie GSMA protocol is available if fuU duplex is 

etnpldyed A subscriber device corhmiaiicating on the reverse channel can then 
monitor the forward channel during the transmission of a set of data packets. 
The forward channel control device^ such as the base station can then alert a 
subscriber device if a collision has occurred and preempt termination of the 

15 transmission thereby conserving reverse channel bajidwidth that may then be 

exploited by a different subscriber device. This approach is typically referred 
to as CSMA/CD (collision detect). 

' A disadvantage of the CSMA scheme is^ the riced for fast receive to 
trai^it switching times which typically means this protocol is inappropriate for 

20 use with inexpensive devices which may be desirable, particularly m a wireless 

environment. As CSMA is fundamentally a contention scheme, a back-off 
policy is typically provided as with Aloha due to the risk of system instability. 
An additional disadvantage of CSMA schemes is that they typically provide 
' relatively poor charinel utilization tor a very short transmission packet 

25 environments. 

Contention based protocols are subject to instability because collisions 
may occur which in turn require increased attempts due to retransmission 
: attempts. As traffic increases, utilization of the multiple access reverse channel 
typically droits due to increased numbers of collisions. The collision messages 
30 then are submitted for retransmission which causes the actual attempt rate (as 

opposed to the new arrival rate) to steadily increase without bound and once the 
optimal attempt rate has been passed the system util^^ 
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Eventuallyi all transmission slots may become filled with collisions and the 
system utilization will reach zero. This results in both a loss. of revenue 
bearing traffic for the channel and typically dramatically increases the delay 
associated with delivery of data packets. This scenario is generally referred to 

5 as Aloha or reverse channel cpllaps€!. . , 

To prevent Aloha instabiliQr, it is knpwn.to implement back-off 
procedures in contention based protocols. A subscriber device is only permitted 
to re-transmit each packet a finite number of times. Furthermore, each re- 
transmission is required to be delayed by an exponentially increased delay. 

10 This back-off policy does not eliminate the jpossibility that system instability can 

occur but the possibility is significantly reduced. Furthermore, if the channel 
utilization does fall because, the attempit rate has exceeded the maximxmi that the 
system can support, then the back-off policy provides a mechanism for recovery 
■ if instability occurs. : 

15 , Back-off rales typically involves two coiiiponents. First, if a transmission 

attempt fails then the subscriber device \yill delay a subsequent transmission 
attempt by a random time interval. , Second, if the number of transmission 
attempts exceeds a predetermined threshold then the subscriber device will 
discard the queued packet and abort the transmission attempt. The first rule 
20 minimizes the possibility that two or, more subscriber devices will execute re- 

transmission attempts after an initial coUision in an identical time slot. This 
' approach provides an effective splitting algorithm that prevents continuous 
' : : repeating coUisions but it does not reduce the ac^al attempted traffic. The 
. second rule piovides a form of non-persistence which allows the system to 
25 recover. The rule effectively increases the departure rate, and departures are 

now partitioned between those that are successfully transmitted and those that 

: .. • :. . . are abandoned. ;. i . . 

The above stabilization procedure is generally only viable in systems where 
the contribution to the attempted traffic from new arrivals is essentially steady, 
30 predictable and sufficiently low so that the total attempted traffic rate can 
remain at or below unity.. The technique can control short term transient 
V : increases in the. arrival, rate, which are assumed to be infrequent, and the 
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associated loss in channel utilization can be tolerated. However, if the number 
Of new arrivals exceeds the departurt^ rate (both successful and aborted) then the 
system may continue to drift to lower utilization. To summarize, reverse 
chamiel AlohS collapse is undesirable because the revenue stream generated by 
5 the cell is significantly reduced, subscriber devices bum excess battery power 
through multiple fruitless transmission attempts and message center originated 
messages will suffer an inordinate aclmowledgment time while subscribers will 

be prevented from initiating and successfully transmitting a data packet. 
An example of a packet reservation type multiple access is illustrat^^^ 
10 FIG. 3. Tie Packet Reservadon Multiple Access (PRMS) schemes are 

typically cteiracterized by the partitioning, of the reverse channel into a poUing 
regiOii and a reservation/data tegion: 1^^^ 

with each slot dedicated to a specific subscriber or device. A device utUizes 
this slot to amiounce to the system that it has outstanding data packets and that 
15 it requires a data slot to be reserved. If the forward channel device determmes 
that a specific data slot within the reservation re^^^^ 
allocate the particular data slot to a requesting reverse channel device fOT 

transmission of the outstanding frames. Ordinarily, a single data slot is 
commensurate witit the largest posstm packet or transmission bloc^^ A reverse 

20 chamiel device may identify' that the reverse channel has been exclusively 

reserved for it by identifying that the. reservation identifier flag embedded m the 
forward ch^el has been set to its identification value. However, this 
- approach wastes channel bandwidth very smaU messages, such as system 
acknowledgements and polBng slots that are lef. empty for each reverse channel 

25 device that is polled but does respond because it does not have data packets to 
tosmit. Such schemes do, however, typically allow, for the use of low cost 

slower receive to transmit switching speed technology. , ; 

Accordingly, both contention based and reservation based multiple access 
communication networks generally suffer performance dh^^^^^ 
30 type of traffic on the network varies between short messages and long packet or 
metrinsfer^ecommumcationtraffic. T^isproW^^^^ 
for radio of wireless packet data systems such a^^^^ 
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and message systems which include a mix of short and. extended message traffic 
■ and typically require a protocol allowing the use of low cost technology. 

. ... Summary of the Invention 

5 It is, therefore,, an. objective of the present invention to resolve the problem 

of providing for efficient utilization of channel capacity in a multiple access 
packet data system particularly a radio packet data system while further 
allowing the use of lov/er cost technology having relatively slow transmit to 
receive switching speeds. ; The present invention provides for a radio packet 

10 - " data system based on a^ combined contentiou. and reservation niultiple access 
protocol to provide improyed^cbannel utilization fpr both short messages and 
long me transfers while still being adapted to low cost technology deviceis. 
In one embodiinent of an apparatus, of the present invention, a forward 
channel is provided which includes a periodically broadcast channel control 

15 packet (i.eV message) delineating the reverse channel into discrete broadcast 

windows. The channel control packet includes a flag designating a specific 
subsequent transmission window as heing eittier a contention based transmission 
' i window or a reservation based transmission window. An identifier is also 
provided in the channel control packet to specify fpr what device a subsequent 

20 reservationbased -transmission window has been reserved. Reverse channel 
transmitting devices may then transmit small data packets or optionally a 
request for reservation mode access to the reverse channel in any transmission 
■ wmdow wliich lias been designated as a ,c:onte^tion or Aloha transmission 

'■ -"'Window:' ■ •■ ■■ • 
25 If a cdevice is granted reservation access after requesting the same, longer 

data packets can- be transmitted efficiently in reservation mode without the risk 
of collision from transmissions by other reverse, channel transmitting devices. 
• Furthermore; -by associating each channel control packet broadcast on the 
' - - forward channel with= a selected subsequent reverse. phannel transmission 
30 - window, sufficient time can be provided for the use of low cost, half-duplex 
- technolb-^ for reverse , channel transmitting devices by allowing time to switch 
• ' ' >"frbm the receive mode monitoring the forward channel control packet to the 
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transmit mode to transmit in the associated subsequent reverse channel 
transmission window. 

In one embodiment of methods of the present invention, a channel access 
methbd foi: communicating a data packet over a multiple access conomunication 
5 network having a forward channel and a multiple access reverse channel is 

provided^ A channel control packet is periodically broadcast on the forward 
channel. The broadcast channel control packet is received by a reverse channel 
trarisihission apparatus or subscriber device which reads the received channel 
control packet to determine if a contention or reservation mode is indicated. 
10 The reverse channel transmission apjparatus determines if the packet to be 

cointtiiihicated exceeds a predetermined size and transmits the data packet on 
' the reverse" channel if contention mode is indicated in. the channel control packet 

Mid if the data packet size is no larger than the predet^ermined s A 
reservation request is transmitted on flie reverse channel if contention mode is 
15 indicated and if the data size exceeds the predetermined size. After transmitting 

a reservation request, a second one of the broadcast channel control packets is 
' received and read to determirie if reseivation mode is indicated. The data 

packet is transmitted on the reverse channel if reservation mode is indicated in 
the received second one of the broadcast channel control packets. 
20 tn 'aiother aspect of methods of the present invention, a tram 

reservation request on the reverse channel is received by a forward channel 
transiriissibn apparatos or base station. A channel control packet is broadcast 
on the forward channel responsive to the receive transmitted reservation request 
indicating reservation mode; In one embodiment of the present invention, the 

25 ' reservation request includes an identifier associated with the device transmitting 
the reservation request, and the step of reading the reservation request includes 
" reading the request to determine the identifier associated with the transmitting 
device, it is then determined if reservation mode access to the reverse channel 
' ' is available to the device transmitting the reservation request and a channel 
30 ^ cohtrol packet is broadcast mdieating reservation mode and including an access 
device identifier associated with the device transmitting::the reservation request 
if it is determined that reservation mode access is available, The reverse 
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channel transmission apparatus .reads the broadcast channel control packet to 
determine if its device identifier is included and, reservation is indicated and, if 
so, the reverse channel transmission apparatus transmits its data packet. 

In a further aspect of methods of the present invention, the forward channel 
5 is delineated into forward channel blocks and a channel control packet is 

broadcatst in each block and reverse channel transmissions are synchronized to 
conrespdhd to forward channel blocks. Each chaimel contt^ 
associated with a subsequent forward ctannel block and transmissions by 
subscribe devices occur in transmission windows corresponding to the forward 
10 channel block associated with the received channel control packet. 

In one embodiment of. methods of the present invention, each reverse 
channel transmission block corresponding to a forward channel block includes a 
plurality of contention mode transmission windows corresponding to portions of 
the forward charaiel block. . Transmission? by subscribej: devices occur within a 
15 selected one of the plurality of the transmission windows. 

In another embodiment of methods of the present invention, the channel 
^ conu-ol packet further includes an acknowledgment statos flag associated with a 
preceding one of the forward channel blocks indicatmg w|iether a transmission 
was received. A reverse channel transniission apparatus receiving a broadcast 
20 channel control packet further reads the packet to.determine if an 

acknowledgment status flag indicates that .a previpiis transmission was received. 
A preceding transmission- is submitted for retransmission if the acknowledgment 
^ status flag indicates; the preceding transmission was not received. In a further 
- aspect of methodSL^of the present invp.ntion,^ plurality of xeservatibn requests 
25 are received which; requests are queued for reservation mode access to the 

■ • reverse channeL ^ = -j^--. , . . , 

Also provided? are forward channel transmission apparatus for use in a 
multiple access xommunication network having a forward channel and a 
multiple access revei^e channel. The forward ch^ 
30 or base station includes broadcasting means for broadcasting a channel control 

-packeti including an indication of reservation or contention mode and an 
' identifier, on the forward channel. . . 
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The forward channel transmission apparatus also includes receiving means 
for receiving a data packet or a reservation request including an identifier 
associated with the requesting device on the reverse channel. Optional 
synchronizing means synchronizes operations of the broadcasting means and the 
5 receiving means . Reading means is provided responsive, to the receiving means 

for reading a received reservation request to determine the identifier associated 
with the requesting device. The forward trarsmission apparams further 
includes determining means responsive to the reading means for determining if 
reservation mode access to the reserve channel is available to the requesting 
10 device and for determining if reservation mode or contention mode will be 

- selected for the reverse channel ; Generating means is provided responsive to 

tlie determining means for generating the channel control packet including 
setting the reservation or contention mode, indication and the identifier. 

In one embodiment of forward channel transmi^ion apparatus of the present 
15 invention, the determining ineans determines if a data packet or reservation 

request has been successfully received and includes in the channel control 
packet ail acknowledgment of successfully received packets or requests. In 
Another ernbodiihent, the forward channel transmission apparatus further 
includes means for queuing a plurality of reservation requests. In another 
20 aspect of the present invention, the forward channel trmsniission apparatus 

broadcasting means includes means for broadcasting a channel control packet in 
each delineated block of die forward chamiel to further provide for 
transmissions on the reverse channel synchronized to forward channel blocks. 
Each broadcast channel control jpacket is associated with and includes an 
25 indication of resen^ation or contention mode and subscriber device identifier 

which are associated 

Also provided are reverse channel transmission apparatus for use in a 
multiple access communication network having. a forward channel and a 
multiple access reverse channel. The reverse channel transmission apparatus 
30 includes receiving means ^or receiving a channel control packet on the forward 

channel and reading means for reading the received channel control packet to 
determine if contention or reservation mode is indicated and if an identifier 
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associated with the reverse channel transmission apparatus is included in the 
channel control packet; The reverse channel transmission apparatus further 
includes determining means for determining if a data packet to be 
communicated exceeds a predeterniined size, TThie reverse channel transmission 
. 5 apparatus also includes means responsive to the reading means and the 

detennhiing means for transmitting the data packet on the reverse channel if 
contention mode is indicated and if the data packet is no larger than the 
predetermined size and for transmitting the data packet on the reverse channel if 
reservation mode is indicated and if an identifier associated with the reverse 
' 10 channel trammission apparatus is included in the receive cham 

packet. ' Also included are means, responsive to the reading means and the 
determining means for traiiCTiitting a reservation request on the reverse channel 
if contentioii mode is. indicated aixd if the size of the data packet exceeds the 
predetermined size, z ;..-^ v. . 
15 In another aspect of reverse channel transmission apparatus of the present 

invention, the apparatus includes means responsive to the reading means for 
submitting for retransmission a previously trammitted data packet if the 
previously transmitted data packet was not received. In one embodiment of the 
reverse channel transmission apparatus of the present invention, the forward 
20 channel is delineated into forward channel blocks and transmissions by the 

iiieans for transmitting, data packets and the means for d-ansmitting reservation 
• ' requests are synchronized to correspond to -forward channel blocks and are 

transmitted in selected subsequent ones of the forward channel'blocks which are 
- associated with a received channel contrprp^ 
" 25 - The methods and apparatus of the present invention may be beneficially 

- utilized in wireless network environments such as a cellular radio network. 
■ Th^^^ inay also be beneficially utilized in a wire line data packet communication 
- : -networfcv In addition, they are suited for use with ^ wired data packet 

' * coinmunicalion network: - . 

- 30 : Accordingly, the channel access methods and forward and reverse channel 

. : transmission apparatus .orthe present invention address the problem of 

providing a reliable, high-utilization, multiple accpss cpnmiunication channel 
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which may' be imijlemented with low cost hardware. The methods and 
apparams of the J>resent invention provide effi^^ 

messaging which is particularly important because link layer protocols utilize 
short command messages to imure successful t^^ The methods 

5 and apparatus of the jpresent invention are provided by utilization of a combined 

contention and reservation mode access protocol which efficiently handles a mix 
of short messigb and long data transfer communication type traffic. A 
broadcast forward channel control packet is associated with a subsequent 
transmission wmdow allowing the use of low cost slow receive to transmit 

10 switcli time hardware and haif-duplex transmission apparams. Acknowledgment 
of successful receipt:!^ provided td allovir: for data link level initiation of 
retransmission bflost diata packed 

■ Brief Description of the Drawings 
15 FIG. 1 schematically illustrates a slotted Aloha contention protocol. 

FIG. 2 scheniatically illustrates a carrier sense multiple access protocol. 
FIGl 3 schematically illustrates a packet reservation multiple access 

protocol. ' ■ ■ ■■ 

FIG. 4 schematically illustrates an operating environment of die methods 
20 and apparatus of tiie present invention: 

FIG. 5 schematically mustrates Mi embodiment 
reservaiiori mode oi)erations according' to an embodiment of the present 
invention. - 

FIG. 6 is a schematic block diagraiii of fonward channel transmission 
25 appafattis according to the preisent invention. 

FIG. 7 is a schematic block diajgrani of a reverse channel transmission 
apparatus according to the present iriwntion. ' 

FIG. 8 is a flowchart illustrating operations of a reverse channel 
transmission apparams accdrding'to: a channel access method of the present 
30 invention. , ^ - 
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FIG. 9- is a flowchart illustrating operations of a forward channel 
. . transmission apparatus according to a channel access method of the present 

invention. ' \> 

FIG/ lO-schematically illustrates operations of an embodiment of the 
•5 : . channel access methods and . apparatus of the present invention. 

FIG.' 11 schematically illustrates an embodiment of a channel access method 
and apparatus of the present invention including a decode status bit mask for 
acknowledgment of successfully transmitted packets and a dynamic access 

- control parameter. ^ 

10 FIG. 12 schematically illustrates an embodiment of a forward channel 

structure according to the present invention, 

FIG. 13 schematically fllustrates an embodiment of a channel 
structure in contention mode accordmg to the present invention. 

FIG. 14 schematically illustrates an embodiment of the reverse channel 
15 sttuctureain reservation mode according to die present invention. 

: FIG. 15 schematically illustrates contention mode timing requkements 
according to an embodiment of the present invention. 

FIG. 16 schematically illustrates reservation mode access timing 
^ requirements accordmg to an embodiment of the present invention. 

20 FIG. 17 schematically illustrates, reservation/contention flag and reservation 

^ identification procedures according to an embodiment of the present invention. 

. :u FIG; IS schematically illustrates an embodiment of dynamic access control 
according to the present invention. 

- f FIGo 19 is a flowchart illustrating operations for dynamic access control 
25 according to an mbodiment of the present invention. 

. . FIG. 20 as a flowchart illustrating back-off operations for use with the 
dynamic access control methods and apparatus of the present invention. 
' FIG* 21 is a flow'chart illustrating operations for determination of a 
" : probability of transmission- parameter for an embodiment of a dynamic access 

30 control method and apparatus according to the present invention. 

FIG. 22 is a state diagram for a subscriber device according to an 
embodiment of the present invention. 
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FIG. 23 is a state diagram for a base station according to an embodiment of 

tbe pireseut invention. 

FIG. 24 schematically illustrates operations over time for an Aloha system 
with back-off rules providing recovery. : 

FIG. 25 schematically Ulustrates operations over time for an Aloha system 
where back^off rules fail to provide for recovery. 

netailed P ^^grri ption ftf Illustrated Embodiments 
The present invention now will be described, more fully hereinafter with 
reference to accompanying drawings, in which preferred embodiments of the 
invention aie shown. This invention may., however,^ be embodied in many 
different forms and should not be constitied as limited to the embodiments set 
fortli herein; ratlier, these embodlnients are provided so that this disclosure will 
be thorough and complete, and will fully convey the scope, of the invention to 
those skilled in the art: 

Referrmg now to FIG. 4, an operating environment of the present invention 
is schematically illusu-ated. Showa in FIG._ 4 arc fixed end systems and a 
router device in a hardwired internet network 20. Hardwire network 20 is 
connected to radio network controllers 22. 22'. Each controller 22 
. IV controls one or more base stations 24. 24' , As iUastrated in FIG. 4. base 
20 stations 24. 24' are radio communication network base stations associated with 
cells of cellular networks indicated as cell A. ceU B. cell C. cell 1, ceU 2 and 
cell 3, respectively. Base stations 24^.24' are forward channel transmission 
apparams which receive commmiications on pne or more multiple access 
reverse chamiels. Each base station 24. 24' may support one or more reverse 

25 channels. 

Base stations 24, 24' establish radio data packet cominunications with 
subsdriber devices 26, 26'. Subscriber devices 26,-26' are reverse channel 

transmission appaiattis which receive transmissions from base station 24, 24' on 
a forward or downlink channd arid fratismit to base stations 24, 24' on a 
30 multiple access revei-se or uplink channel. 

Controllers 22, 22' and base stations 24, 24' may, for example, comprise a 
paging and messaging system. Controllers 22. 22' interface the radio network 
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to hardwire network 20 and provide mobility management by constructing and 
updating a directory or routing table to map an internet IP address of subscriber 
device 26, 26' to a specific temporary address and channel stream identifymg a 
current connection for subscriber device 26, 26' through one of base stations 
5 24, 24'. Gommunications between internet fixed end systems and subscriber 

devices 26, 26V may then be made transparent to the fixed end systems. 
Overview .of the Invention 

Existing packet radio systems are designed to support specific applications 
which exhibit well defined data packet sizes and traffic profiles. Methods and 
10 apparatus of the present invention can support and adapt to a varying range of 

packet sizes and traffic profiles while achieym^ This 
- is desirable in a public/commercial system . which supports a multitude of 
different applications, j: Although it is generally, difficult to predetermine the 
exact traffic profiles prior to commercial service, it is possible to identify 
15 ' prominent characteristics. - In general^ data transactions are either network 20 or 
subscriber device 26 originated. Network originated traffic primarily generates 
^ ^ reverse channel traffic in the form of short system acknowledgments indicating 
the receipt of a data packet. In contrast, subscriber originated data transactions , 
utilize the reverse chaimel to deliver messages of varying sizes. Exact packet 
20 sizes typically cannot be predetermmed due to the unpredictable nature of each 

application that may utUize the system. In addition, as subscriber device 26 
migrates throughout the radio network, very short location update/cell transfer 
messages are preferably transmitted in an efficient manner. Therefore, the 
reverse channel traffic is typically polarized between a single, fixed size 
25 acknowledgment message and data packet messages that are variable in size and 

have a somewhat larger minimum size. 

The present invention provides a contention mode suited to short messages 

and ensures that both upper layer management, connection and application- 
protocols can correctly execute by transmitting longer frames. The inclusion of 
30 a contention firee reservation mode enables devices to transmit extended 

messages that are not Jinuted to a single data packet. Furthermore, reservation 
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mode allows the reverse chanipel utilization to arbitrarily approach 100% as the 
message length is: extended. ^ 

The present invention consists of a fprvvard channel data stream (broadcast 
by the base station) that is delineated into forward channel blocks (the data 
5 contained in each block is ordinarily protected against channel impairments and 

errors by an error detecting and correcting FEC code). The block boundaries 
. are identified by the inclusion of a forward channel synchronization word within 
each block. Furthermore, embedded in each block is an Reservation/contention 
flag and a Reservation Identifier. The Reservation/contention flag is used to 
10 indicate to the population of subscriber devices that the reverse channpl is 

. available for contention access or whether it has been allocated to a specific 
device for a reseryaticn transniission. 

7 The. reverse channel transmissions may be categorized as a contention burst, 
or as reservation block or multiple reservation block transmissions. The 
15 reverse channel transmissions are synchronized to the forward channel block 

intervals which may support a plurality of contention burst transmissions that 
are tightly synchronized to fall within slot boundaries, or a single reservation 
block rxajismission. The contention transmission bursts are designed to support 
acknowledgment messages to the forward channel traffic, reservation requests 
20 and all short system protocol exchanges.. The reservation block lengtfi is 

^ designed to support a single data pac^t (minmum len^ that may be 
transmitted by a subscriber originated data traris^^^^ 

To enable slow receive to transmit (and vice veraa) s^yitclling times, the 
forward chamiel Reservation/contention and Reservation Identifier flags 
25 correspond to reverse channel traffic that will occur in a subsequent block(s). 

- Preferably, a 2 block delay is proyidjeci to ensure that a low cost radio 

technology may be employed. However, depending upon system requirements 
the delay may be reduced to a s;ingle block interval or, conversely extended to 
provide further switching time. Subscriber device,26 secures a reservation 
30 trammission by first transmittmg a Reservation requ^^^^ 

contention burst to base station 24. The reservation request specifies the exact 
number of reverse channel block intervals that are required to transmit an 
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outstanding'set of data packets which constitute a subscriber originated 
transaction. If base station 24 determines that the reservation may be granted, 
subscriber device 26 will observe that the forward channel 
Reservation/contention flag and Reservation Identifier are set to indicate that the 
reservation transriission inay commence. ' 

The pfesbnt invention may be efficient because the reservation scheme 
allows' aii arbittaty unconstrained number of reverse channel block intervals to 
be potentially assigned to a specific subscriber device 26. The invention need 
not sacrifice bandwidth by requiring that a fixed predetermined number of block 
intervals cannot be ftilly utilized by the reservation request,- as is common with 
existing reservation pirbtocbls. Moreover; the present invention may adapt to 
the specific traffic profile observed by base station 26. That is, if the traffic 
profile is biased towards contention traffic, the reverse chaimel is predominantly 
operated in the contention mode: Alternatively, if the reverse chaimel traffic 
feflects a significant volume of extended length messages, the reservation mode 
is more heavily utilized. ■ 

Referring now to FIG^ 5, the framihg of the forward and reverse channels 
according to an embodiment of the present invention is illustrated. As 
illustrated inTIG. 5; the forward channel stream is deUneated into a series of 
20 tonsmission windows: Each transmission window includes a synchronization 

traiisinissidh^ a Reservation/contention flag and a Reservation ID. For purposes 
of understahdifig the present invention, the description shall be based on an 
Aloha type cdntehtion mode and the tcrins "contention" and "Aloha" will be 
uied interchangeably throiighout the balance of this detailed description unless 
25 specifically noted! The Reservation (resv.) or Aloha state for a corresponding 

subsequent transmission window is indicated by bold. As illustrated in the 
embodimeht of FIG.' 5, tlie Reservation/ Aloha flag in each block corresponds to 
a subsequent block, two blocks removed (i.e., block 1 corresponds to block 3 
transmission bh th6 "reverse channel). The reverse channel transmissions 
30 uiiistraied in FIG. 5 include short Aloha bursts corresponding to block 3 and 

reservation bursts corresponding to blocks 7, 8 and 9. In the embodiment 
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illustrated ill FIG. 5, tohteation iransmission windows are broken into 3 
sejiarate traiismission slots; ^ ' ; . ; 

Apparatus of the Present Invention : 
5 Referring how to FIG. 6, an embodiment of a forward channel transmission 

api)aratus or base station 24, according to the present invention, is illustrated. 
Base station 24 includes transmitter 30 or other hroadeasting means for 
broadcasting a channel control packet on the forward channel. As illustrated in 
FIG. 5, base station 24 is a component of a radio data packet network 
10 including a forward channel having a wireless (radio): communication link in the 

■forward aiid reverse chaniiels. Howevet, it is to bc understood that the benefits 
of th6 present invention can also'be cbtairted in a network including a wureline 
or wired netwbrk so long as base slation or for\^!ard channel transmission 
apparatus 24 is operatively connected to the forward and reverse chaimels. 
15 Receiver 32 or other receiving means for receiving a data packet and for 

receiving a reservation request on the reverse channel are also included in base 
station 24. Receiver 32 in tlie embodiment illxistrated in FIG. 6 is also 
operatively connected to a wireless (radio) reverse channel. It is to be 
understood that wMle transmitter 30 and- receiver 32 are Uliistrated as separate 

20 components capable of full duplex operation, the benefits of the present 

invention may also be obtained using a transceiver combining the operations of 
transmitter 30 aiid receiver 32. -Timer-34 or other synchronizing means 
provides for synchronizing bperations of transmitter 30 and receiver 32. 
Base station 24 also includes packet -receipt circuit 36 or. other 

25 means resporisive to receiver 32 for reading .a resen'ation request to determine 

' the identifier associated with the requesting subscriber device 26. Packet 
receipt circuit 36' also reads data packets received via receiver 32 from 
transiiiitting subscriber device 26. Channel control circuit 38 or other 
determining means responsive to packet receipt circxiit 36. determines if 

30 reservation mode access to the reverse; channel is- available to requesting 

subscriber device 26 and determines if reseivatibn mode or contention mode 
will be selected for the reverse channel in a subsequent transmission window. 
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Packet transmit generation circuit 40 or oth^r generating means responsive to 
channel control circuit 38 generates the channel control packet including setting 
the reservation or contention mode indication and the identifier associated with 
a selected subscriber device 26. As illustrated in FIG. 6, packet receipt circuit 
5 36, channel control cu^cuit 38 and packet, transmit generation circuit 40 can be 

combined into base station control circuit 42. Base station control circuit 42 
interfaces to a-data link entity (not shown) which receives and transmits data 
packets thfough base station 24. Referring to FIG- 4, base station 24 may 
interface' to a fixed end system associated data link entity through controller 22. 
10 In one embodiment of a fonyard channel transmission apparatus of the 

" present invention, as illustrated in FIG- 6, channel control circuit 38 further 
: includes means for determining; if a: received data packet or reservation request 
has been successfully received. In this embodiment, packet transmit generation 
circuit 40 further includes generating means for generating a channel control 
15 — packet which mcludes an acknov/ledgment of successfully received data packets 
* or resei^ation requests. In another aspect of the, present invention, channel 

conl^cl circuit 38 fiirther includes means for queuing, a plurality of received 
reservation requests. 
• As illustrated in FIG. 5, the forward channel is delineated into forward 
20 channel blocks. In this embodiment, packet transmit generation circuit 40, as 

illiistrated in FIG. 6, includes means for broadcasting one of the channel 
control packets in each of. the fora'ard channel blocks. As the reverse channel 
transmissions are synchroniMd. to correspond to the forward channel blocks, 
- timer 34 synchronizes receiver 32 and transmitter 30 for reverse channel receipt 
25 - timing. Furthermore, channel control circuit 38 ai^d packet transmit generation 
circuit 40 broadcast channel control packets including, an indication of 
* reserv'ation or contentioa mode and an identifier which are associated with a 
subsequent one of the forward channel blocks. Siixiilarly, indications in the 
: broadcast channel control packet of successfully received packets on the reverse 
30 chrfniiel are associated with a preceding one of the forward channel blocks. 

• As will be^appreciated by those of skill in the art, the above described 
aspects of the present invention in FIG. 6 may be provided by hardware. 
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softwareV br a combination of the above. While the various components of 
forward channel transmission apparams or base station 24 have been illustrated 
in FIG- 6 as discrete elements, they may, in practice, be implemented by a 
microcontroHer including input and output ports and running software code, by 
5 custom or hybrid chips, by discrete components, or by a combination of the 

^ above. For example, packet receipt circuit 26,. channel control circuit 38 and 
packet transmit generation cfarcuit 40 could all be implemented as a single 
programmable device: : 

Referring now to FIG, 7, an embodiment of a reverse channel transmission 
10 apparatus or subscriber device 26 according to the present invention is 

illustrated. Subscriber device 26 includes receiver 44 or other receiving means 
' for receiving a broadcast chaimel control ^ Receiver 44 also provides 

means for receiving data packets transmitted from base, statio Subscriber 
device 26 further includes packet receipt circuit 46 or other reading means for 
15 reading received channel control packets to determine if a contention or a 

reservation mode is indicated, and if an identifier associated with subscriber 
device 26 is included in the received channel control papket. In one 
embodiment of the reverse channel transmission apparatus of the present 
invention, packet receipt circuit 46 fiirther includes means for reading an 
20 acknowledgment status flag in, the channel control packet to determine if a 

previously transmitted data packet was received. ^ 
^ Subscriber device 26 also' includes channel control cincuit 48 or other 

determining means for determining if a data packet to be communicated exceeds 
a predeteitnined size. Packet transmi^generation circuit 5^^ or other means 
25 responsive to packet receipt circuit .46, and channel control phrcuit 48 for 

transmitting a data packet on the reverse channel either if contention mode is 
indicated and the data packet is no larger than the predetennined size or if 
reservation mode is indicated and an identifier asspcia^^ with the reverse 
channel transmission apparatus 26 is included in the received channel control 
30 packet is also provided. Packet transmit generation circuit 50 further provides 

means responsive to packet receipt circuit 46 and channel control circuit 48 for 
transmitting a reservation request on the reverse channel if contention mode is 
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indicated and the size of the data packet, to be transmitted exceeds the 
predetermined size. - ; . s 

Timer 52 or other synchrbnizing means is provided for synchronizing the 
operations of receiver 44 and transmitter 54. Transmitter 54 operates 
5 responsive to packet transmit generation 50 to provide means for transmitting 

data packets and reservation requests on the reverse channel. As illustrated in 
FIG. 7, packet receipt circuit 46^ channel control circuit 48, and packet 
transmit generation circuit 50 may be combined in subscriber, device control 

circuit 56. ■ ' • ' ' " • " ' ' ^ 
10 Iii one einbodimeht of the reverse channel transmission apparatus of the 

-present ihvention as iUuStrated-in FIG. 5, the forward channel is delineated into 
%rwaM channd blocksi-Tr^missions by transmi^^ 
' correspond tb the fdi^aid Channel blocks as detected from transmissions 
received by receiver 44 and packet receipt: circuit 46. Transmission of data 
15 packets and resemtioh requests by transmitter 54 and packet transmit 

generati6nH:irbuit 50 are provided in selected subsequent ones of the forward 
channel blocks which are associated with the -received channel control packets. 
Subscriber device 26 through subscriber deyice control circuit 56 is operatively 
cdrinected to a daWliiifc entity (not shown) wWch is receiving and transmitt^^ 
20 data packett over the' radio conunmucations network. ^.^ 

As will be appreciated by those of skill in d^e art, die above described 
' • aspects of die present inVention in FIG. 7 may be provided by hardware, 
-software, bra eoinbiriafaon of the above. .While the various components of 
• t^Verse bhahnel transmission apparatus or subscriber device 26 have been 
25 ilhis^ted iri FIG. 7 as discrete elements, fliey may. in practice, be 

imi)l^in^nted by a micfocontroUer including input and output ports and running 
" •■ software code, by custom or hybrid .chips, by discrete components, or by a 

' = combination bf the above; ^ 

cohtrordrcuit-48, and packet transmit generation circuit .50 couW 

30 • " ■ iiiiplement^d as a single progrmimable device. ; . 
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Qveniev/ of the Method.^ of the Present Invention 

Referring now to FIG. 8, an embodiment of operations for channel access 
for coixiniuiiicating a data packet over a multiple access communication network 
having a forward channel and a reverse channel according to the present 
5 invention will be described. More particular!)', FljG. 8 illustrates operations of 

a method according to the present invention as executed by a reverse channel 
transmission apparatus 26. At block 60, one of the broadcast channel control 
packets is received and read by subscriber device 26 to determine if contention 
or reservation mode is indicated. If contention mode is indicated at block 62 

10 and the data packet size , to be transmitted is no larger than the predetermined 

size at block 64, die data packet is transmitted as a short burst in contention 
mode atlblcck 66. If it i& determined that contention mode is indicated at block 
62 and determined at block 64 that the data packet to be communicated exceeds 
a predetermined size, at block 68 a reservation request is transmitted on the 

15 reverse channel. If resen^ation mode is indicated at block 62 and if the control 

packet read at block 60 includes an identifier associated with the receiving 
subscriber device 26 at block 70, ths data packet or packets are transmitted in 
reservation mode at block 72. / . 

In one embodiment of mefliods of the present invention, the control packet 

20 received at block 60 anther inchides an acknowledgment indication (stams flag) 

for previously transmitted <^ta packets or reservation requests. The received 
acknowledgment status flag corresponds to a.preceding one of the channel 
transmission windows. At block 74, subscriber device 26 determines if it has 
any outstanding data packets or reserv^ation requests requiring acknowledgment. 

25 If so, at block 76, subscriber device 26 determines frorn the acknowledgment 

status flag or Hags of the received channel control packet if the previous 
transmission was received. At block 78, if the previous transmission is not 
acknowledged, it is subrnitted for retransmission- 
Referring now to FIG . 9, operations of an embodiment of the channel 

30 access methods of the present invention will be further described as executed by 

a fbrward channel transmission apparatus or base station 26. At block 80, a 
channel control packet is broadcast on the fprward channel. At block 82, base 
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station 24 monitors the reverse ;channel for transmissions from subscriber 
devices 26. Base station 24 may receive a transmitted reservation request or a 
data packet on the reverse channeLat block: 82. A collisipn may also be 
detected at block 82. If it is determined at block 84 that a data packet rather 
5 thai a: reservation request has been received, the data packet is received and 

read at block 86. ■- ^ ... 

If it is determined at block 84 that a reservation request has been received at 

• block 82, thb reservation request is read at block 88 to determine the identifier 
associated with the subscriber device 26 transmitting the reservation request. 

10 At block 90, base station 24 determines if. reservation mode access to the 

reverse channel is available to >the subscriber device 26: transmitting the 
reservation request. -At Mock 52, aichanne>,control packet is generated for 
transmission responsive to the-received reverse channel transmission. If it is 
determined at block 90 that reservation mode access is available to the 

is requesting sibscriber device 26. the generated channel control packet which 

will b6 subsequently transmitted at block 80. as indicated by the looping path 
reflecting periodic transmission of channel control packets, is generated to 
indicate reservation mode and to include an access device identifier associated 
with the device transmitting the reservation request. 

20 In one embodiment of methods of the presei^t invention, the forward channel 

is^ delineated' into forward channel blocks and the pperations of FIG. 9 are 
■ repeated for each forward, channel block. In another embodiment of meth^^^ of 

the present invention; reservation requests .from subscriber device 26 further 
- include an indication of the size of the data packet to be transmitted. 
25 ^ Reservatidn mode access to any one requesting subscriber device 26 is made 
available by base station 24 for no more than a predetermined maximum 
" - riumbbr of fdnvird-'channel block transmission windows on the reveres 

for any single reservation, request. This embodiment aUows base station 24 to 
■ control the amount of reservation mode access allocated to any indiv^ 
30 subscriber deviie 26. In another embodiment,, reservation mode access 

- operations at block 90 mclude queuing a plurality, of received transmitted 

' reservation requests for reservation mode access to the reverse channel. 
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. In am additional aspect of methods of the present invention, as illustrated in 
FIG, 9, base station 24 provides acknowledgment of received data packets. At 
block 86, ^yhen a data packet is successfully received, an acknowledgment 
: status flag isjset which is included at block 92 when the channel control packet 

5 for transmission is generated . The acknowledgment status flag in the generated 

channel control packet is associated with a specific previously transmitted data 
packet and indicates successful receipt of the data packet. 

As is illustrated in the embodiment of FIG. 5, and more specifically with 
respect to illustrated blk 3, the reverse channel blocks may be broken into a 

10 plurality of contention mode transmission windows. Subscriber device 26 at 

block 66 and at block 68 of FIG. 8 selects one of the predetermined nimiber of 
contention rnpde transmission wmdow^ to portions of the forward 

channel block designated for contention mode transmission and transmits the 
data packet or reservation request, respectively, in the selected one of the 

15 plurality .of trammission windows. 

, Deta ile d Description of Operations of the Channel Access 
Methods and Ap paratus of the Present Invention 

Referring now to FIG. 10, channel access procedures according to an 

20 embodiment qC methods and apparatus of the present invention will tiow be 

described. As illustrated in FIG. 10 at blk N-2, subscriber device 26 examines 
the Reservation/contention (rsyr/ Aloha) flag to determine its state, which is 
indicated in bold as Alpha in FIG- 10. Accordingly, subscriber device 26 
transmits a short data packet or reservation request in a randomly selected one 

25 of the three Aloha burst slots indicated as x, y, and z in blk N. Otherwise, 

subscriber device 7,6 \yaits to transmit its request for a subsequent forward 
channel block. By sending the reservation/contention flag two block intervals 
- early, subscriber device 26 is allowed a minimum of a one full block interval to 

switch from receive to transmit. It is preferable that subscriber device 26 

30 selects one of the three Alpha burst transmission windows at random to 

minimize the risk of a collision with another transmitting subscriber device 26. 
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If the data packet to be transriiitted is too long for inclusion in a single 
contention transmission window, a reservation request is seiit indicating the 
amount of reverse channel bandwidth required to be aUocated to subscriber 
device 26 to transmit the outstahdirig data picket(s). If base station 24 accepts 
5 the reservation request arid determineis reservation mode access is avaUable, 

subscriber device 26 is nbtified via the forward channel tWo block intervals 
later as indicated in FIG. 10 at blk N+2. Subscriber device 26 then 
determines that the reservation request has been successful by observing that the 
reservation/contention flag has been set to reservation and that the reservation 
10 identifier (id-subscriber in blk N+ 2) reflects the associated identifier of the 

requesting subscriber aevibe 2<»/ This, bnce again; provides the minimum one 
block interval switching ^e frbiri transmit to receive ifdr subscriber device 26. 
the reservation flag is not set to "reservation by the forward channel 
transmission apparatus 24 untU blk N+2 (eVen though base station 24 may, as a 
15 full duplex device have received it, and beeii in a position to set the reservation 

flag in blk N+1) so that sufficient time is allowed for switching from transmit 
to "receive iay subscribed device 26. The data p&cket is then transmitted by 
subscriber device 26 be^iniiing at bUc N+ 4 and continuing with the required 
number of additional blocks which, as illustfated in FIG. 10, include blk N+ 5 
20 and blk N+6 for the reservatibri mode traiisniission from subscriber device 26. 

As illustrated farther in the embodiment shown in FIG. 11, methods and 
apparatus of the present invention further provide a low layer decode statos 
mechanisin to initiate correction of failed transmissions prior to the invocation 
of higher layer recovery mechanisms to thereby reduce channel utilization for 
25 transmission of repeat request packets which are typically required by highe 

layer recovery mechamsiiis. Lbst data packets may then be retransmitted and 
successfully received before higher layer recovery inechanisms initiate 
retransmission requests with the akociated overhead and channel utUization 
thereof. 

30 As illustrated in FIG. 11, a channel access statiis octet is transmitted in 

' each forward chafmel block. Typically, each of these transmissions is further 
protected by a forward channel error correcting strategy which strategies are 
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known and understood by those of ordinary skill in the art and will not be 
discussed further herein. As illustrated in BIG. 11, the channel access status 
octet Js partitioned with a six bit decode status bit mask and a two bit channel 
access mode fieldl The fust three bits of the decode status bit mask indicate 

5 the success or failure of the Aloha transmissions received on the reverse 

channel that correspond to the forward channel block interval transmitted two 
blocks prior to the ciirrent forward channel block interval. The second three 
bits indicate the success or failure of the Aloha transmissions received on the 
reverse channel that correspond to the forward channel block interval that was 

10 transmitted at three block intervals prior to the current block interval. 

' The second three bits of the decode statu? bit field represent stams 
information that is being retransmitted for the second time. This repetition 
allows a subscriber device 26 that is, for example, experiencing a ten percent 
forward chamel error rate to achieve a one percent indeterminate rate in the 

15 decode status information. Accordingly, on receipt of a decode status failure or 

two indeterminate decode status bit mask blocks, subscriber device 26 attempts 
to submit for retransmission the data packet or reservation request. If an Aloha 
burst is not receivesd or the base station services a reservation request and 
receives reservation blocks, then the base station will set the Decode Status bits 

20 to failure. . ,,■ 

A typical scenario is illustrated in FIG-. 11. The following procedure may 
be used to determine the setting of the Decode Stams bits in the Channel Access 
Status word. For the purposes of this procedure, base station 24 maintains a 
counter Aat mcremehts as each forward channel block is encoded and 

25 transmitted. Base station 24 sets the Decode Status bits in the Chaimel Access 

Status word that is encoded and transnutted in the N* forward channel Reed 
Solomon block according to th^ following rales: 

IF* ' ah AJoto burst waswyjivcd instorhon 

30 . 2)nd block was transmitted on the forwrd channel 

Base station 24 see b„ of the Channcl.Access Stams word to indicate success (I) 



THEN 



IF 



an Aloha burst was received in slot 2 on the reverse channel and correctly decoded while the (N- 
2)nd block was transmitted on the forward channel 
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THEN Base steuon 24 sets b,o of the Channel AixicssStaws. word, to 

IP an Aloha burst was received in slot 3 on the reverse channel aod correctly 

* decoded whUe the (N-2)nd block was tiansmincd on the forward channel 
5 ' • " THEN - ^ase surlon 24 sets b, of the Channel Access Status word to indicate success 

' - - an Aioha burst was recsived in slot t on the reverse channel and correctly 
- : > decoded whUe the (N-3)rd.bIock was oransmined on die forward charmel 
10 THEN Base station 24 sets b, of the Channel Access Status word to indicate success 

■ - • ^jj^ ^ - - : - V 

IF , , . . an Aloha burst was received in slot 2 on the reverse channel and corrccUy 

decoded while the (N-3)itl block was transmitted on the forward channel 
THEN 'Basestadbnl-i'settbrbf^^eClm 

,P ' axi Aloha burst was received In slot 3 on the reverse channel and correctiy 

. .. . : decoded while the (N-3)rd block was transmitted on the forward channel 
20 THEN Base station 24 set b* of the Channel Access Stattis word to indicate success 

m ^ ' " ■ ^ ■ 

. . . . . IF ' \ : a rrscrvarion block was received on die reverse channel whUe the (N-2)^ 
block was transmitted on the forward channel 
25 then"' ' ' ' Base station'24 sets- b,t o^i and b, of the Channel Access Stams word to 

^ .v" ^ indicate failure (0) - ' ..^ 

jP a reservation block was received on the reverse channel while the (N-3)nl 

• ■ - ' ^ - ' ■-' ' 'bi^it was traiisniitted o'nr the forward channel - . ~ 

30 : THEN - 92isc.st?.t;on 24 sets b. b, and b* of die Channel Access Status word to indicate 

feilure(O) 

- • *. ip: ^' : " i : Base station 24 dctenniiiM that sp«^^^^ 

.xeyerse channel whUe die (N-2)nd block was transmitted on the forward 

35 channel diali be discarded 

' - ' \^ Base siadcn 24 sets bi: and/or b,a and/or b» of the Channel 

word toitidicate failure (0) 

,p Base sation 24 determines that specific reservation requests received on die 

' 40 ' ' ^ ...r*^ -revmecharjiclwhUe die (N-3)rd block u'as transmitted on die forward 

channel shall be discarded 
• THEN ' * Base siadon 24 sets biamJyorby.and/orbft of die Channel Access Stanis 

wonl to indicate foilure (0) 
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* . ELSiJ : ' Base Station :24^eu the decode status bits of the Channel Access Status word 

to indicate failure (0) 

As aiustrated in FIG. 11, the channel access mode or reservation/contention 

5 flag is provided as a two bit channel access field. This embodiment provides 

four operation modes to allow base station 24 tb'adaptively set modes to reflect 
actual traffic flow on the network, these modes, as illustrated in FIG. 11, 
include mode 1 (01), a contention mode with short reservation mode access 
only allowed (Le,, for example, limited to one to rivo blocks of reservations 

IQ transmission per request), this mode may be desirable when the traffic profile 

for a particular channel is heavily biased toward short niimeric and alpha paging 
on the forward channel! A second mode, inodd 2(10) is fcontention and 
reservation mode without queuing, biit allowing longet reservation mode 
blocks. This mode is typically preferred when the' traffid profile for a 

15 ' particular cell is biased towards forward channel messaging. Allowing only one 
reservation request at a time to be accepted provides twelve contention burst 
occurrences between every reservation transmission in the embodiment as 
illustrated in FIG. 9 where three Aloha bursts are allowed in each forward 
channel block A final mode, mode 3 (11) is contention mode combined with 

20 queued reservations. This mode is preferably utilized when the traffic profile 

for a particular cell is biased towards extended reverse bhannel messaging. It is 
preferred that the actual traffic profile for a network be considered for each 
reverse channel stream and the specific operating mode! selected be determined 
so as to optimize the reverse channel utilization. 

25 Referring now to FIG. 12, the forward channel structure for an embodiment 

of methods and apparatus of the present invention will be described. It is to be 
understood that the particular encoding and bit breakdown of the illustrated 
forward channel structure is merely illustrative. 

As illustrated in FIG. 12, the forward chatthel Includes a sequence of 

30 432 bit transmission blocks. Each block cdritams a 27 bit synchronization 

siequence and a 27 bit reservation identifier which are interleaved with a 378 
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Reed Solomon forward error correcting code. The 1 bit Reservation/Aloha flag 
is "exclusive-or''ed with the 27 bit forward channel synchronization word. 

The forward channel Reed Solomon block consists of parity symbols and 
data symbols.- The Reed Solomon code is a (63,51) code which is partitioned 
5 between 12 RS parity symbols and 51 RS data symbols. The data field is 

partitioned between the data field that is utilized for system messages and the 
channel access status word, channel operation word and color code. 

The channel access stams word is a 12 bit/2 Reed Solomon symbol word 
that contains the decode stams bits, channel mode bits and the probability of 
10 transmission parameter. The channel operation word is a 4 bit/ 2/3 Reed 

Solomon^ symbol word that contains the channel capacity flag and additional 
system specific parameters. The color code may be employed in a radio 
environment to distinguish different transmission chjuinels. 

As illustrated in FIG. 13, the reverse channel Aloha transmission burst 
15 includes a 132 bit transmission burst. iEach Aloha burst contains a 6 bit 

synchronization sequence that is split into two 3-bit words that are interleaved 
with a 126 shorted Reed Solomon forward error correcting code. The Reed 
Splompn code is a (63,57) code which is partitioned between 6 RS parity 
symbols, 1^5 RS data symbols and 42 all Zero RS data symbols which are not 
20 transmitted. The Aloha transmission burst may contain a Reservation request 

or a short data message. A non-uniform distribution of the synchronization 
.words throughput die Aloha transmission burst is provided. Additional 
synchronization words are placed at the beginning of the burst to assist in rapid 
acquisition of a transmission froni subscriber device 26 by base station 24. 
25 As illustrated in FIG. 14, the reverse chamiel' Reservation transmission 

block includes a 420 bit transmission block. Each Reservation transmission 
block contains a 42 bit synchronization sequence that is split into fourteen 3-bit 
words that are interleaved with a 378 Reed Solomon forward error correcting 
, code. ,The Reed SolomoA code is a (63,55) code which is partitioned between 8 
30 RS parity symbols, 55 RS data symbols. A non-uniform distribution of die 

synchronization words throughout the Reservation transmission block is 
provided. Additional synchronization words are placed at die beginning of die 
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burst to assist iii rapid acquisition of a transmission from subscriber device 26 
by base station24i 

If subscriber device 26 has outstanding data packets for transmission, it is 
initially required to achieve synclironization with the forward channel and 
5 determine the reverse channel state from the Reservation/ Aloha flag and the 

channel access status word that is encoded within each forward channel FEC 
block. If the reverse channel is available for Aloha access, subscriber device 
26 may proceed to attempt access to the reverse channel. 

Subscriber device 26 will initially assess whether the outstanding data 
10 packets may be compressed into a single Aloha transmission bxirst. 

Altematively, subscriber device 26: will encode the data packets into a sequence 
of Reservation blocks and consmict ani Aloha reservation request burst 
indicating the number of reverse chamiel block intervals that are required for 
the reservation transmission. The burst is transmitted in one of the three 
15 availiLblc Aloha slots. As illustrated in FIG.vlS, to enable half duplex 

subscriber devices 26 that employ a receive to transmit (and vice versa) switch 
time that is commensurate witii a forward channel block duration, transmissions 
are delayed by two forward cliannel block intervals. Although an extended 
time period is allocated for the device to f switch from receive to transmit, the 
20 actual transmission instant is preferrably relatively tightly specified.. This 

^ ensures that reverse chaimel baodwidtb is efficiently utilized by allowing guard 
time, power ramp and synchix^nization^ overhead to be minimized. 

Subscriber device 26 determines. whether an Aloha transmission burst is 
successful by observing tlie decode -stams bits in the chaa^e^ access stams word 
25 that is embedded in the forward channel Reed Solomon block transmitted two 

forward channel block duiationsi after the Aloha ^ t^^ If the 

forward channel Reed Solomon block is corrupted due. to poor channel 
' conditions, the decode status bits are also replicated by base station 24 in the 
subsequent charjiel access st^tiis word that is tr 
30 channel Reed Solomon block. If subscriber device 26 determines that the 

• ti-ansmissibri was successful, subscriber device 26 may terminate the channel 

access procedures. Alternatively, if the transmission attempt was a failure due 
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to the decode status bit indicating failure or was declared indeterminate due to 
decoding failures, subscriber device 26 will initiate, a re-transmission attempt. 

Depending upon the operating mode that is utilized by base station 24, 
subscriber device 26 may or may not be able to immediately determine the 

5 success of the reservation request. When Mode X or 2 (see , FIG, 11) are 

employed/ a single reservation request is serviced and additional requests for 
bandwidth ire not queued. Therefore; the success of an Aloha reservation 
request may be immediately determined by examining the Reservation Identifier 
and Reservation /Aloha flag transmitted two forward channel block intervals 

10 after the Aloha reservation request was transmitted. However, in Mode 3 (see 

FIG. 11), reservations^ are -ijueued. . Thus subscriber device 26 is required to 
examine the decode status bits; and,: itsucc^^ 

transmission attempt of the Aloha reservation request until it is confirmed that 
the reservation queue is empty. If the reservation is granted, subscriber device 
15 26 will initiate trarismission of the previously encoded Reed Solomon blocks. 

In a similar manner to an Aloha transmission, subscriber, device 26 is required 
to delay tiransmission by two forward channel blpcjc durations. 

Subscriber device 26 timing requirements for the transmission of an Aloha 
burst are also illustrated ui FIG. 15. A significant period of time is allocated 
20 ' ■ to enable an extended receive to transmit switching time, receiver and DSP 
■ : filter propagation delays, and demod/modulator processing delays. However, 
despite the extended processing period, the .tolerance of the transmission instant 
as illustrated in the embodunent of FIG. 15 is defined to an accuracy of ±0.25 
- bit times: TWs provides 1^5 bit intervals (187.5;ts) to be allocated to free space 
25 * propagation delay V : : : i 

Subscriber device 26 timing requirements for tiie transmission of a 428 bit 
' Reed Sblomoh reservation block are illustrated in, FIG. 16. A significant 
' period of time is allocated to enable an extended receive to transmit switching 
time, recover and DSP filter propagation delays, and.demod/m^^^ 
'30 processing delays. However, despite the extended processing period, the 

- tolerance of the transmission instant as illustrated in the embodiment of FIG. 




wo 98/37669 PCT/SE98/00326 

-32- 

16 is defined to an accuracy of j±i0.25 t>it times. This provides 1.5 bit intervals 
, ; (187.5 /xs) to be allocated to free space propagation delay. 

Referring now to FIG* 17, details of procedures for the use of the 
Reservation/ Aloha flag and Reservation Identifier of the channel control packet 

5 for an embodiment of the present invention will be further described. The 

Reservation/ Aloha flag and Reservation Identifier are transmitted once in each 
forvi'^ard channel block. The position of the 27 bit Reservation Identifier 
bit Reservation/ Aloha flag are illustrated in JBIG. 17. The Reservation/ Aloha 
flag as illustrated is "exclusive or**e.d with the .27 bit forward channel 

10 synchronization word. 

The purpose of the Resep/ation/Aloha flag, is to inform the population of 
subscriber devices 26 that are currently registered or, using th^ channel that the 
reverse channel is available, for slotted Aloha access on a contention basis, or 
that the reverse channel has been reserved for a specific subscriber device 26. 

15 To provide subscriber devices 26 with at least one forward channel block 

internal receive to transmit switch time, the Reservation/ Aloha flag is set two 
forward channel blocks in advance of the actual associated reverse channel 
transmission window; 

The Reservation Identifier is primarily utilized to identify a specific 

20 subscriber device 26 for v/hich the reverse channel has been allocated from a 

small subset of subscriber devices 26 for which reseryatipn requests may be 
queued. In a similar manner to the Reservation /Aloha flag, the Reservation 
Identifier is set two blocks in advance pf the anticipated subscriber 
transmission. However, as illustrated in the embodiment of FIG. 17, the 

25 Reservation Identifier is also set by base station 24 to indicate that the 

reservation is in progressan the first block subsequent to receipt of a 
reservation request.. When the system, is operating in Mode 2 (Aloha and Serve 
One at Random) this is utilized in conjimction widi the Reservation/ Aloha flag 
by the population of subscriber devices 26 to deteimine if the transmission of a 

30 reservation request should be temporarily delayed. This measure conserves 

subscriber device power consumption and channel capacity. 
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An additional feature of the procedures governing the Reservation Identifier 
is also illustrated in FIG- 17. In the first and subsequent forward channel 
blocks after a subscriber specific Reservation Identifier has been transmitted, 
base station 24 Sets the Reservation Identifier to the reservation in progress 
5 value. This prevents die subscriber device 26 for which the channel has been 

■ reserved frdm^ transmitting^ exactly one or more blocks later than required if the 

first ReseiH^ation Identifier is missed. This is desirable because base station 24 
has reserved a specific number of reverse channel blocks ^ f^^ 
device. Asynchronous transmission could poteiiiially cause a collision with 
10 subsequent Aloha or queued reservation transmissions. The procedure also 

' affords ah additional'advahtage because the= Reservation Identifier, in 

conibinatioW with th& Res^ 

subscriber device 26 populiatiori to construct an effective 48 bit 
Reservation/Aloha flag that is extremely robust and. tolerant to an errored 
15 chaniiel. This approach significantly minimizes the number of occurrences in 

which a subscriber device 26 initiates an Aloha transmission while a reservation 
session is currently in progress: : ; v 

Base station 24 may operate in a variety of modes as illustrated in FIG. 11. 
in geiieral, the procedures for the Reservation/ Aloha Flag are independent of 
20 which Operating mode is utilized by base station 24. Ordinarily, the 

' Resetvation/ Aloha flag is set to reservation two forward channel block intervals 
' i^rior to the reverse' channel transmission by subscriber device 26. Furthermore, 
the Reservation/ Alolm flag is reset two blocks prior to the termination of the 
rbverse channel transiriission by subscriber device 26. The flag may be reset to 
26 indicate Aloha or Reservation depending upon which operating mode is utilized 

by base stitibn 24. For the purposes of these procedures, base station 24 
maintains i counter that increments is each forward channel block is encoded 
' ^ ^d trailsinitted. A typical scenario is illustrated in FIG. 17. Base station 24 
sets the Reservation / Aloha flag that is encoded and transmitted in the Nth 
30 ' forward chihiisi block according to the following rules: 

' - ' IF " a rescWaiion request was nxcWcd on uHercv«r« Channel aiKl granted 
transmitted on the forward channel 
THEN Base station 24 sets the Reservation / Aloha Flag to indicate Reservation 
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. IF Base stacioh 24 detcrminis that a reserved transmission by a subscriber device 16 will 

. i^rminatc during die (N + iy* forward channel block interval 

- THEN Base station 24 examines die reservation queue 

5 IF Base station 24 determines thai one or more reservation requests are still- outstanding 

-THEN • Base station 24 resets Ac Reservation / Aloha flag to reserved 
ELSE Base scatioQ 24 resets the Reservation / Aloha flag to Aloha 
IF Base station 24 determines Oiat a reser/ed reverse channel transnwssion by a subscriber 

was absent during the N-l- forward charoiel block interval 
\Q THEN - Base Station 24 examines the rcservadon queue . 

IF Base station 24 detennines that one or more reservation requests are still outstanding 

TitiSH Bass station 24 resets the Reservation / Aloha flag to reserved 
ELSE Base station 24 resets the Reservation / Aloha flag to Aloha 

15 . [^ ^ . ^ ' ■ " 

In general, the procedures for the Reservation Identifier are also 

independent of which operating mode is utilized by base station 24. Ordinarily, 
the Reservation Identifier is set to identify a specific device two forward 
channel block intervals prior to the reverse channel transmission by the 
20 identified specific suijscriber device 2i5. Furthermore, the Reservation 

Identifier flag is reset two blocks prior to the termiiiation of the reverse channel 

transmission by the identified subscriber device 26. The identifier may be reset 
to indicate the identification of the next subscriber device 26 for which the 
reverse channel has been allocated or reset to the null identifier depending upon 

25 which operating mode is utilized by base station 24. 

For the purposes of these procedures, base station 24 maintains a counter 
that increments as each forward channel block is encoded arid transmitted. A 
typical scenario is illustrated lit FIG. l7. Base staiidn 24 sets the Reservation 
Identifier that is encoded and transmitted iii the N* forward channel block 

30 according to the following rules: 

A reservation request was receiv©d"bh the' reverse char^ncl and granted while 
the (N-2)nd block was transmitted on the^ forward channel 

Base station 24 sets the Reservation Identifier to the reservation identifier of the specific subscriber 
device 26 for which the reverse channel will be allocated. 



35 



IF 



THEN 



,P , Base station 24 determines that a reserved transmission by subscriber device 26 will terminate 

during the (N+ 1)* forward channel block interval 
THEN Base station 24 examines the rcscrvarion queue 
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Base station 24 determinss that one or more reservation requests are sdU outstanding 
Base station 24 rsscis the Reservation Identifier to the reservation tdendfier of the next 
subscriber for which the reverse channel will be allocated 
Base stadon 24 resets the Reservadon Idendfier to the null value 



IF ' A reservation request was received on the reverse channel and granted while the (N-l)" block 

i - : was transmitted on the forward channel 
. . -THEN Base station 24 sets the Reservation Identifier to the reservation in progress value 

Fi OP IF * . The Reservation / Aloha Flag is set to reservation 
10 THEN Base station 24 sets the Reservation Identifier to the reservation in progress value 

ELSE Base station 24 sets the Reservation Identifier to the null value 

Detailed Description of Dynamic Access Control Procedures of the Present 
Invention 

15 An embodiment of dynaniic access control methods and apparatus according 

. . to the present invention >yill now be described. As described previously, 

dynamic access control procedures are beneficial to control channel breakdown 
and recovery of multiple access channels which are subjected to variable traffic 
loads to thereby, optimize the channel utilization under varying load conditions. 

20 The basic Aloha access method allows subscriber device 26 to unconditionally 

transmit an Aloha access burst in any slot. The dynamic access methods and 
apparatus of the present invention introduce a Probability of Transmission 
parameter, Ptx, that eliminates unconditional transmissioiss. For each 
transmission attempt, subscriber device 26 generates a random number between 

25 0 and 1 (a fair die is preferred)(note that the random number need not be a 

binary value but may be a selectively large range of values, albeit fractional 
values, between 0 and 1). If this number is greater than the Ptx parameter that 
is broadcast in each forward channel block (see FIG. 11) by base station 24, 
transmission is permitted; otherwise subscriber device 26 does not transmit. 

30 Even though a transmission attempt was not made, the subscriber back-off 

algorithm is executed as if an unsuccessfiiL transmission attempt was actually 
mad4 TTiis causes subscriber device 26 to exceed the maximum nmnber of 
transmission attempts threshold and discard the pending packet for a lower 
" nimiber of ictiial unsuccessful transmission attempts. 
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In essence, as the attempted traffic rate rises, the dynamic access methods 
and apparatus o^ the present invention will adjust the Ptx parameter so that an 
increasing- number of transmission attempts are actually diverted away from the 
channel so as to maintam tlie actual channel attempt rate near unity so that 

5 optimal channel utilization can be achieved. This allows the channel utUization 
to be maintained during transients v/hen the attempt rate due to new arrivals 
and the re-transmission of previously failed packets exceeds unity, or in 
situations when the arrival of new packets sustains a rate which is too high to 
be supported by the chamiel. Tliis latter scenario is typicaJ., for example, of the 

10 one-way paging busy hour just prior to noon in a radio based messaging and 

paging sbrvice eiaviroriment. Using the niethods and apparams of the present 
invention, even in cells which are overrsubscribed the channel will not lose 
revenue due to loss of channel utilization. Furthermore, in one embodiment, 
base station.24 reports the Ptx parameter to the Network Management system 

15 or controUer 22 on a regular basis so the system provider may identify when 

cells are becoming capacity limited and where new cells should be provided. 

Prior to a transmission attempt, controller 24 preferably selects a cell that 
enables the highest probability that a transmission will occur, that is the least 
busy cell, for the transmission. Furthermore, subscriber device 26 may elect to 

20 conserve batteiy power by not even attempting a transmission where the 

■ Probability of transmission parameter indicates that a transmission attempt may 
be futile. Tlie ttansmission attempt may be postponed to a later time when the 

channel is less busy i . . : 

The numerical precision of the Ptx parameter defines the accuracy to which 
25 the channel utilization can be controlled. High numerical precision theoretically 

would allow an Aloha channel utilization to be held at a perfect 36% for any 
■ stable attempt rate that exceeds unity. However, because the attempt rate varies 

as a function of the traffic profile, such precision is not typically warranted. 

Preferably, a 4-bit Ptx parameter is utilized which is broadcast by base station 
30 24 and that defines a range of uniformly distributed probabilities over the range 

0 to 1. Alternatively, for specialized traffic scenarios,, ft^ 

utilized to address a lookup table of 16.non-Iinear quantized Ptx val^^^ 
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Dctermination of the 16 rvalues and whether they offer a sufficient control range 
is dependent upon each application/protocol. However, preferably the selection 
of each entry should correspond to a range of attempt rates (G) that result in a 
. channel utilization (S)' which varies by only a few percentage points. 
5 - : Utilizing a transmission probability parameter Ptx that is an unsigned 4 bit 
binary integer, (ranging 0-15)i=vSubscriber device? 26 are permitted to transmit 
if and- only if a subscriber specific 4 bit unsigned random number (generated for 
each transmission attempt) is less than or equal to the transmission probability, 
Ptx. Ordinarily, the Ptx parameter is set to 15 indicating that all subscriber 
10 Aloha transmission attempts may proceed. Howeyer, if the population of 

subscriber devices 26 that spi^tree Aloha attempts increases to a sufficient rate, 
such that the reverse channel utilizationrfal^^^ then base 

station 24 will adjust : Ptx. to ensure that only a supportable number of 
transmission attempts are permitted to occur^ . It is to be understood that the 
15 particular range of . values used for Ptx is not critical but that the benefits of the 

present invention may be obtained with any value range in which subscriber 
device 26 selects one at random and only transniits if tfie selected number 
satisfies the broadcast criteria, value from base station 24. In addition, specific 
subscriber devices 26 could be favored or disfavored by providing them a non- 
20- random selection of the value for comparison to the broadcast value. 

Base station 24 preferrably sets Ptx so that a -percentage of the Aloha traffic 
. " is diverted prior to an aetu^il transmission attempt. This allows base station 24 
to maintain the channel utilization during peak traffic periods when the normal 
subscriber back-off mies- are insufficient to prevent an Aloha collapse. This 
25 approach provides efficient utilization of the reverse channel but does 

disadvantage (deny access to) a.segment of the subscriber device 26 population. 
The size of the disadvantaged population increases as Ptx is reduced. A base 
= ' station 24 that sets Ptx to a value less .than 15, for a significant duration of time 
may be identified as congested, . 
30 ' The Dynamic Access Control methods and apparatus of the present 

iiivention preferably provide that all subscriber devices 26 attempting to access 
' the reverse channel must utilize the. latest, that is most current, value of the 



W0 98/37669 PCT/SE98/00326 

-38- 

Probabiiity of Transmission- parameter, Ptx, that has been estimated and 
' broadcast on the forward channel by bass station 24. Referring now to the 
■ embodiment illustrated in FIG. 18, the broadcast Ptx value is simply included 
in the data field of each forward channel Reed Solomon block. Alternatively, 
5 the broadcast Ptx Value may be included in the thannel access status word as 

iliustratedinFIG.il- 

Referring now to FIG. 19, access procedures for subscriber device 26 
according to an embodiment of the dynamic access methods and apparams of 
the present invention will now be described. If subscriber device 26 has data 
10 packets to transmit then it is not permitted to make an unconditional 

transmission attempt as in a normal Aloha or existing contention based multiple 
access protocol. Instead, as illustrated at Block 100. subscriber device 26 
obtains the latest value of the Probability of Transmission parameter, Ptx, that 
is broadcast on the forward channel. At Block 102. subscriber device 26 
15 generates a random number Which is drawn from the same number space as 

Ptx. If the random number exceeds tte broadcast Ptx value at Block 104, the 
transmission attempt is permitted at Block 106. Otherwise, the transmission 
^ attempt is treated as an unsuccessfiiU transmission attempt. If a packet is 
transmitted at Block 106 and determined not to have transmitted successfully at 
20 Block 108 or if the random number does not exceed the Ptx value at Block 104 
an attempt counter is incremented, at Block 110 which is used in the back-off 
method wiU be described. This causes an increasing number of 
ttansmission attempts to be aborted ahd packets to be discarded as the Ptx 
parameter is reduced. Reducing Ptx enables base station 24 to regulate the 
25 number of acmal reverse channel transmission attempts. 

,r An embodiment of back-off methods suitable for use with the present 
invention are illustrated further in FIG. 20. As illustrated in FIG. 20, if the 
attempt count is less than or equal to the maxiiiiuiri retry count, a delay is 
calculated at Block 114 as a function of the attempt count. Transmission is 
30 ' then delayed for the calculated time as illustrated at Block 116. The packet is 
then submitted for transmission at Block 118. Preferably, prior to each re- 
transmission attempt (in the advent of a transmission failure), subscriber device 
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26 re-acquires the latest Ptx value that is broadcast on the forward channel and 
furthermore, generates a ne\y random number to determine if the transmission 
attempt may proceed. If the: maximum count is exceeded at Block 112, the 
packet is discarded (treated as unable to be transmitted) at Block 120. 

An. embodiment of a method for calculating the Ptx value according to the 
present invention will now be described ^yith reference to FIG. 21. The 
following terms, will be used in the description: 

Ptx . Xmnsmission Proba^ity , deternunes Che rate of access by a > 

population of subscriber devices 26, 



Soptimal 



Scurrent 



Coptimal 



25- 



. pptimal Aloha success rate experieiKed by base station 24 on the 
reverse channel (nominally 30% -40%). Soptimal is defined as the 
irate of successful Aloba bursts received during the Opdmal 

HSu'cccss Raie' Update Window. 

The current Aloha success rate observed by base station 24 on the 
reverse channel (variable 0% -50%). Scurrent is defined as the 
rate of successful Aloha bursts received during tiie Pu , , 
Adjustment Window. 

Estimated Aloha ccUision rate experienced by base stadon 24 on 
the reverse charmel (nominally 20%-30%) during the same period 
that Soptimal is computed. Coptimal is defined as the rate of 

- estimated Aloha collisions received during the Optima] Su ccess 

; Rate Update Window. . . . , , 



30 



Ccurrent 



Estimated Alotia collision rale experienced by base stadon 24 on 
- the reverse charmel (nominally 0%-1(>0%) during the sams period 
that Scurrent is computed. Ccurrent is defined as the rate of 
estimated Aloha collisions received during the Ptx Adjustment 
» Window. . . 
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Reduction Factor ' Rate of decay for Soptimal. the parameter determines the longevity for which a set of 

reverse chaiuwl conditions arid trafik profiles are consider^ 

Exponei^ Determines the rate at which the Transmission Probability Ptx is 

updated. 



40 



• Margin ■ Defines a. region of acceptable reverse chaimel utilization in which 

Ptx should not be adjusted. 



Optimal Success. 
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Rate Update Wiailow . .; observation wMowdefirxd by a specmc nu^ 

to estimate ihe channel parameters Scurrent and Ccurrent. 

Ptx Aiyustmint Window observation window def iiied by.a specific number of Aloha slots. Ptx Adjustment 
5 . - ,. . Window < Optiinal Success Rate Update y^indow. 

AvgRSSI • ■ 13 jP,^ as tfie average received signal strerigA indication aw 

■ ■ ' ■ .. , . . Aloha 'bursts;.. ' ' -j ■ ;. 

10 step Internal algorithm parameter, sets the rate of change oif Ptii. 

At Block 130, base station 24 monitors the reverse channel to determine 
successfully received packet and collision rates. The, success and collision rates 
15 for the reverse channel are calculated at Block 132. Success rate may be 

determined by counting each block Aloha slot that successfully decodes. The 
associated reverse chaimel collision rate is not required to be an absolute 
estimate but is preferably a consistent estimate. The dynamic access methods 
and apparatos of the present invention are impervious to collision rate estimates 
20 that are constantly under or over estimated, but rely upon the underlying 

positive gradient monotonic behavior of the collision rate as the attempt rate 
increases. When utilized in a wireless packet system, the embodiment 
illustrated in FIG. 21 declares a collision to have occurred when any detection 
(Aloha), slot exhibits an average RSSI Aat exceeds the average successful RSSI 
25 parameter, yet fails to be successfully decoded. Preferably; base station 24 
, does not include decoding failures that may be attributed to co-channel 

interference or local oscillator leakage from subscriber devices 26 located close 
to base station 24 in determining the collision rate. When utilized in a 
wireline enviroimient such as a wireless I^N , a collision is sm^^ 

30 each slot that faUs tp decode yet exhibits energy . 

An optimal or acceptable success rate is defined for use at Block 134. 

The acceptable success rate is preferably deteriiuned by continually assessing 
the reverse channel conditions, aiid determining the optimal success rate that can 
be supported by the reverse channel and the associated collision rate 
35 experienced by the reverse channel. In wireless systems, it is preferable that the 




WQ 98/37669 PCT/SE98/00326 

-41- 

system adapts to find the optimal success rate value rather, than specifying a 
fixed theoretical value because the channel conditions may allow additional 
capacity to be realized through the capture effect or, alternatively, capacity may 
be lost due to intense co-channel interference from a neighboring system. The 
5. reduction factor ensures that long term statistics are not retained which may 

become obsolete as traffic and cell densities change. A preferred technique for 
determ^ining the acceptable or optimal success rate for use at Block 134 is as 
follows: 

compute S^,^ and Cenw by averagihg the number of successes and 
' ' 'collisions over a d'J ration sjic^ified by ihcrOptimal Success Rate Update W^ndo^y 
if (ScurTem. >, Soprimaj ) 
then Soptinjal = Scurreni 

Coptiraal'= Ccunreh: . ; - . 

else * Scptiinal » max(Soptima!.Reduction Factor, 0.3) 

The dynamic access methods and apparatus of the present invention assesses 
the reverse chaniiel conditions and determine the reverse channel utilization. If 
the utilization of the reverse channel is lower than that offered by the estimated 
20 maximum, then the methods and apparams of the present invention determine if 
this is due to a high incidence of reverse channel collisions causing an Aloha 
collapse or if it is simply due to a low attempt rate by the population of 
subscriber devices 26. In the event of very high reverse channel attempt rates, 
the probability oif transmission paranieter, Pt?c, is reduced. Alternatively, if the 
25 attempt rate is lowV Ptx is kept at a high value to encourage transmission and 

hence greater utilization of the available reverse channel. 

If the success rate is determined not to be acceptable at Block 134, then a 
change rate or step size for adjustiiig the value of Ptx is determined at Block 
136. The step size may be determined as a function of between the optimal and 
30 current success rates. For example, the step size may be set to the ratio of the 

optimal success rate to the current success rate raised to a selected EXPONENT 
value. However, it is to be understood that a variety of different methods for 
determining the step size may be beneficially used with the present invention. 



10 
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If the collision rate is determined to be greater than an optimal or acceptable 
collision rate at Block 138, the value of Ptx is decreased by the step size from 
Block 136 at Block 140. Otherwise, the value of Ptx is increased by the step 
size from Block 136 at Block 142. If the success rate is determined to be 
5 acceptable at Block 134, the value of Ptx is not changed. At Block 144, Ptx is 

broadcast by base station 24 on the forward channel. If Ptx is broadcast as part 
of a channel control packet as described above. Block 144 corresponds to the 
broadcast of the channel control packet as illustrated at Block 80 in FIG, 9 (See 
also FIG, 11 incorporating Ptx in channel access status word). However, it is 
10 to be understood tliat the methods and apparatus of dynamic access control 

according to the present invention may be beneficially applied in a variety of 
contention based communications enviropiuents and are not limited to the 
inventive combined contention and reservation mode channel access methods 
and apparatus described herein. The operations of FIG, 21 may also be 
15 described for an embodiment of the present, invention as follows: 

compute ^current and ^current by averaging the number of successes and collisions over 
a duration specified by the Ptx Adjustmishi Window . , : 

IF (^current < ^optimal + Margin) 

THEN Step = \ — —\ 

\ Scurrent) ■ 

- - ^ IP (Ccurrent. > Coptimal) 1. / . „ ' 

20 THEN Ptx = max (niin^Ptx, Ptx - Step) 

ELSE Ptx == mih (max_Ptx, Ptx + Step) 

ELSE Ptx ==^ Ptx^ '■■ ' ■ - " ■ • " ' 

25 Wbile not illustrated in BIG^ &e MARGIN -parameter is utilized to 

prevent the probability of traiismission. parameter,. Ptx, from dithering about its 
true value. Packet attempt rates are typically quite variaW 
the order of a few percentage points are quite noimaL Consequently, the 
estimated collision and success rates will also flUctua^^^^^ Tlie MARGIN 

30 parameter ensures that the Ptx parameter does not fluctuate. The EXPONENT 
, parameter is utilized to determine thie rate of change of the Ptx parameter. 
These parameters ensure that Ptx can be adjusted rapidly to a significant and 
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sudden increase in the reverse channel attempt rate such as that which may be 
encountered just prior to the busy hour in a two-way mesisaging and paging 
■ system.- ' ' • ^ ' ■ . -■ 

To summarize, reverse channel Aloha collapse is undesirable because the 
revenue^stream' generated by the cell is significantly reduced, subscriber devices 
bum excess battery power through multiple fmitless transmission attempts and 
message center originated messiages will suffer 2m inordinate acknowledgment 
time wTiile subscribers will be prevented from initiating and successfully 
transmitting a data packet. 

The dynamic access methods and apparatus of the present invention have 
be^n described herein applied to a slotted Aloha system solely for the 
purpofe of fully" descriibiSg flse-invention! Preferred values for the parameters 
described- above for such ah environment are provided in the Table 1 below: 
. ^ ^ J , Table 1 • 



Parameter 


Initial Value 


Value 


Soptimal 


0.36 




Coptimal 


0.26 




Reduction Factor 






Exponent 




4 


Margin 






Optimal Success Rate 

Update 

Window 




last 512 Aloha slots 


Ptx Adjustment Windo;w 




last 128 Aloha slots 


Avg RSSI 


Determined from cell power 
product 




Ptx 


15 





State Diagram Description of Chaimel Access Procedures 

The basic stater machine used by subscriber device 26 to control access 
to the reverse chanriel is ishdWn in FIG. 22. Preferably, this procedure should 
not be violated when a congested forward channel is encountered. Utilization 
of the Traiismission Probability. Ptc, parameter provides system stability during 
periods in which excess transmission attempts exceed the channel capacity. 
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If 2d arty time the dpeiation of this state machine is aborted, then all 
queued data packets are preferably discai'ded and error messages issued to the 
Data Link Layer entity indicating that the associated data packets were 
lindeliverable. 

5 Furthermore, if the number of transmission attenipts in the Aloha Access 

State (2) exceeds the MaxlTxlAttempt^' threshold, tiien the channel stream is 
declared as congested and the ti^inission attempt is lermiiiated. A 
transmission attempt consists of detecting and determining 
■ ' iteservation/Alblia flai^hile in tile Aldlia AdcesS State a)- 

10 ibLE Sf ATEi (i) 

When the MAC layer of subscriber device 26 does not have data packets 
to transmit, it remains in the idle state (1). In this state the MAC layer entity 
does not attempt to access tlie reverse channeL Upon entry into the idle state 
(1) the MAC layer entity remains in the state for a minimum of Min_Idle_Tune 
15 forward channel Reed Solomon block intervals. MinJdle_Time is a system 

' paraineter that may be configured. , : 

The MAC layer entity exits the idle state (1) and enters the aloha access 
state (2) on receipt of one or more data packets from the Data Link Entity. 
The MAC layer entity may. by implemehtatidn choiee^ 
20 predetermined number bf data packets to be queued or for an ta^^ 

' specific time to elapse before a transmission is attempted: Furthermore, the 
subscriber MAC layer is only permitted td idd additional data packets to the 
' transmission queue while in the idle istate (l);- 
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Prior to exiting from the idle state (1), the subscriber MAC layer shall 



set a state variable of the NoJTx Attempts. to zero. 



ALOHA ACCESS STATE{2) 



Entry into the aloha access state (2) ordinarily occurs when the Data 



Link eiitity has outstanding data packets that require transmission. 



Alternatively , the aloha access state(2) can be entered due to an Aloha burst 
transmission failure or transmission attempt failure. 



10 



„ The subscriber MAC layer, upon receipt of data packets, assesses 
whether the data packets can be compressed tp foixn a single Aloha 
transmission burst. Alternatively, the MAC layer will encode the data packets 



into a sequence , of Reservation blocks and construct an Aloha reservation 



request burst indicating the. exact number of reservation blocks for which 
reverse channel bandwidth, should be allocated. Once the^ subscriber MAC 
layer -has constructed an Alpha burst, it attempts to transmit the burst via the 
15 access procedures described herein. , ; u 

If the state is re-entered due tp an Aloha transmission failure or 
, transmission, atternpt failure then subscriber device 26 delays transmission by 
f implementing the. back-off rules, described preyw^ The back-off procedure 
J ' is utilized to ensure that a repetition of the;, transmission failure does not occur 
. .20 if jthe failure was due to a channel. collision bet\yeen two or more subscriber 

. devices attempting to utilize the same Aloha slot. The procedure randomizes 
subsequent access to tiie reverse channel. 



An embodiment of the procedures governing acpess by subscriber device 



26 will now be provided. For the purposes of these procedures subscriber 
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device 26 maintains a counter that increments as each forward channel block is 
received. The procedure is as , follow^^^ 

IF the subscriber MAC layer has outstanding data packets for transmission 

THEN the subscriber will determine . ; 

2 IF the data packet(s) can be compressed into a single Aloha transmission burst 

■ -j^Ej^ the subscriber device forms a- single Aloha transmission burst 

^ ELSE the subscriber device- encodes she dats ;packet(s) to form a 
'■)-•■■ t- V sequence of reservation blocks and forrns an AJoha reservation 

request specifying the exact number of reservation blocks that are 
JQ required to be allocated by the base sution 

; . The subscriter MAC, layer the?L selects at randqm a forward channel block 

interval in which the Aloha transmission burst wiU be transmitted. The forward 
phannel block interval is selected between Mtn_Count and 
2Ng Tx^Attempts-J-l. TTie delayed block interval does not exceed Max_C^^ 
15 This block intpr\^al is referenced as the forward channel block interval. 

During the (N-2)nd,forward channel block interval the subscriber device shall 
examine the forward channel Reservation / Aloha flag, deteraiine the 
transmission probability Ptx from die Channel Access Status word and generate 
a random number uniformly distributed between 0 and 15. 

20 IF ihe Rescrvaiion/Aloha Hag indicates Aloha and the subscriber MAC layer has a queued Aloha 

. ^ ininsmis&ion burst and the random number b 
THEN the subscribe? device transmits in one of the three JivaUable Aloha slots (selected at random) during the 
Nth forward channel block interval, increments the No_Tx_Anempts state variable and enters the 
i ' ■ / decode wait state (3) . . . 

25 ELSE IF the Reservation/Aloha flag indicates Alpha a?id the subscriber MAC layer has a queued Aloha 

reservation request and the random number is less than die transmission probability Ptx 
THEN the subscriber device transmits in one of the t^reca^^^^ 
' - during the N* forward channel block imervaK 

and enters the reservaripn wait state (4) : . . 
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ELSE IF the No_Tx_Attempts exceeds Max_Tx_Attempts 

THEN the subscriber device discards all outstanding data packet(s). issues an error message to the Data Link 
entity indicating that the outstanding data packets were undeliverabic and enters the idle state (1) 

ELSE IF the entrance delay exceeds Max_Entnmce_Dclay 
f . THEN. the subscriber device dtscatds all outstanding data packet(s>, issues an error message to the Data Link 
entity indicating^ chat the outstanding data packets were undeliverable and enters the idle state <1) 
ELSE - ■■ the subscriber device aborts the transmission attempt, incFement the 
- No_Tx_Attempts state variable and re-enters die aloha access state (2) 



10 



DECODE WAIT STATE (3) 

When the kibscriber MAC layer entity is in the decode wait state(3) it 
attempts to detennine the success 6f the jpreviousi Aloha transmission. For the 
purposes of these procedures subscriber device 26 maintains a counter that 
is increments as each forward chaiinel block is received. Subscriber device 26 

examines the Decode Status that is encoded and transmitted in the forward 
channel block and execute the following procedures. 

IF the subscriber devtc^ transmitted an Aloha burst in one of three available Aloha slots in the 

^ ' - r ;" (N.-2)^ forward channel block interval 
20 THEN the subscriber device examines the corresponding decode status bit in the channel access status word 

embedded in the forward chaimel block 

11^ ' ' (he decode sutu's indicates that the subscriber Aloha transmission w^^ 
THEN * ''the subscriber device enters the idle state (1) 



25 



Fi <nr IF the decode stanis irjdicates that the subscriber Aloha transmission was unsuccessful 
THEN the subscriber device enters the aloha access state (2) 



ELSE IF ' the' forward channel biock caimot be decoded due to an impaired block 
30' ' THEN the subscriber device examines the corresponding decode stams bit in the channel access status word 

embedded in the (N + l)5i forward charmel block 
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IF Che decode stams indicates tfiat th* subscriber Alcha trahsmissw^ 

THEN the subscriber device enters the idle state (1) 

EIJSE IF the decode status indicates that the subscriber Aloha transmission was unsuccessful 
THEN the subscriber device enters th^ aloha access state (2) 

* ELSE the decode status is indeterminate due to two concurrent forward channel block errors 

THEN the subscriberdevice issues an error message to the Data link layer indicating that a potcntw^^ 
unsuccessftil transmission of the data packets has occurred and enters the idle state (1) 
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RESERVATION WAIT STATE (4) 

When the subscriber MAC layer entity is in the reservation wait state(3) it 
attemps to determine the success of the previous Aloha reservation request 
transmission burst. For the purposes of these procedures subscriber device 26 
15 maintains a counter that increments as each forward channel block is received. 

Subscriber device 26 examines the Reservation/ Aloha Flag, Reservation 
Identifier and Decode Status that is encoded and transmitted in the N'** forward 
channel Reed Solomon block and execute the following procedures. 

IF the subscriber device transmitted an Aloha rescrvadon request in one of three available Aloha slots in 

20 the (N-2)nd forward channel block snteivai ' ' . ; 

, ^ THEN the subscriber device examines the Reservation / Aloha .flag and the Reservation Identifier in the N* 
forward channel block 

IF the subscriber device deiennineistljat^the Reservation/ Aloha fl^ 

25 Reservation Idenrifier matches the device reservation identifier 

THEN the subscriber device enters the transmit reservation access state (5) 

ELSE IF \ the system is operating in Mode 1 or Mojle 2. .. 
THEN die subscriber device enters the aloha access state C2). 

30 
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the system is operating in Mode 0 or Mode. 3 and the subscriber device examines the corresponding 
decode status bit in the channel access status word enibedded in the Nth forward channel block. 
IF the forward channel block cannot be decoded due to an impaired block 

THEN . the subscriber device examines the decode status bits in the channel access status word 
embedded in the (N^JT forward channel block 
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IF : the decode stasus itidicarrs that the subscriber Aloha transmission was successful 
THEN ' the subscriber device examines the -Reservation/ Aloha flag and Reservation Identifter in 
. , each subsequent forward channel block. 

IF the subscriber device determines that the Reservscion/Aloha flag is set to reservation and 

the Reservation Identifter matches the device reservation identifier 
THEN the subscriber device enters the transmit reservation access state (5) 



15 



mJSC IF . the subscriber device determines that the Reservation/Aloha flag is set to indicate Aloha 

access and the Reservation Identifier is set to the null value 
THEN (he subscriber device enters the aloha access state (2) 



20 



ELSE the decode status indicates that the subscriber Aloha transmission was unsuccessful and the 
subscriber device enters the aloha access state (2). 



TRANSMIT RESERVATION ACCESS STATE (5) 

Up6n initial entry into the transmit reservation access state (5), the 
25 subscriber MAC layer entity waits for two forward channel block durations 

prior to transmission. During transmission, the subscriber MAC layer entity 
does not add additional data packets to the transmission queue. When all data 
packets have been transmitted, the subscriber MAC layer entity enters the idle 
state(l). For the purposes of these procedures, subscriber device 26 maintains a 
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counter than increments as each forward channel block is received* The 
procedures goverriing this procedure are detailed below. 

IP iji^ subscriber device dctcmiined that R«^^ 

matched the subscriber reservation identifier 
5 THEN the subscriber device transmits a contiguous set of blocks; the first block will be transmitted 

" during the (N-2y^ forviranl cfxamiel block inicKaS J T^^^ 

to ihe number of blocks requested in the Alpha reseiyation request transmission. The transmitted 
reservation blocks contain the data packets. 

J^O IF the subscriber device has completed transmission of the reservation blocks 

THEN the subscriber device enters the idle $tate(l). 

The basic state machine used by base station 24 for controlling access to the 
reverse channel by the population of subscriber devices 26 is illustrated in the 
15 state diagt^i of FIG. 23, The setting of the Reservation/iMoha flags and the 

Reservation Identifier occurs at the correct block boimdaries, 
CHANNEL IDLE STATE (1) 

Initially, base station 24 sets the Reservation/ Aloha flag to indicate that 
Aloha transmission bursts may be received/sets the Reservation Identifier to 
20 the null value, and enters the channel idle state (1). Base station 24 remains in 

the channel idle state (1) until a forward channel block boimdary is reached: 

IP the base station detennines tfiat one or more reservation requests are queued for pending service 

and that the Reservation/Aloha flag has been set lb reservation for the previous two forward 
25 channel Re^d Solomon blocks . , , 

THEN the base stadcn enters the receive reservation blocks state (4) 

else the base station enters the receive aloha bursts state (3) 
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RECEIVE ALOHA BURSTS STATE (2) 

Base station 24 remains; in the receive aloha bursts state (3) for the duration 
of the forward channel block period. During this time interval, base station 24 
examines in turn each of the three reverse channel Aloha slots for the existence 
5 of aii Aloha burst from a subscriber device 26. For each Aloha slot, base 

station 24 attempts to demodulate and detect an Aloha burst. 

IF an Aloha burst is received cnor free or is successfully corrected 

XHEN the base station sets the corresponding decode status bits to indicate success 

10 The base station 24 examines all received and correctly decoded Aloha bursts 

for a MAC , layer reservation request or a data packet. Reservation requests and 
the associated subscriber reservation identifications will be stored. Base station 
. 24 remains in the receive aloha bursts state (3) imtil all three Aloha slots have 
been examined for the existence of a subscriber device 26 originated 

15 transmission: 

: i . ji; ^ ' •. the base station has examined all three Aloha. slots and. one or more reservation requests have been 
received 

THEN the base station enten the reservation grant state (3) 

FT 5a? " flic base station returns to die chazinclidle state (1) 

RESERVATION GRANT STATE (3) 

While in the reservation grant state (3) base station 24 examines the list of 

' . reservation requests; . 

IF the base station is currently operating in Mode 0 

25 THEN ' the base station executes s>wm specific procedures 

Fi 513 IP the base station is opciadng in Mode 1 (Aloha only) 
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TOEN ihe base station ignores the resfit-vanon request atid sets the conesponding decode status bits to 

i - •. . failure 

' - " ELsi^F • the bwe-iiAm l»-.*i«itiiig'{« Ktaie i-^(Atolii'a«l Seive'dne Re«e»va&m « Random) 

; THEN aie base station cxainines the reservation quw^^ 

IF one resctvatton request is alieady peiKlijig service aiid the bai^s^^ 

acknowledgeddieirequest' - rv-: ,-.'. ^..'r — 

THEN the iKKe statioii discards all reservatioiJ requests received in the previ 

the conesponding decode status bits for each received reseryatioii request to failure 
ELSE the base station selects from the remaining reservation requests one reservation identifier at 



Sets the fbiward channel Reservation liiniiher to match the chosen subscriber and the 
J2 Resctvation/Aloha fiagita reservation 

Sets the corresponding decode slams bits ass<^iated with the selected reservation request to success 
; . . . Sets the decode stams bii? for each received reservation request fliM is not selected to faUure 

20 

ELSE IF me base sution is operating in Mode 3 (Aloha and QiiriiedReseivations) 

THEN u,e base station appends the reservation requestCs) to the reservation queue 

Sets die decode stams bta associated with each reservation request m success 

. 25-:...,: . ....... • ■ : .■ ■. y . ... 

Som the reservation queue so dut rese^^^^ 

are served in preference to longer tesetvadon requests 

Sets die forward channel Reservation Identifter to match Ae first subscriber in the resetvaiion 
30 queue and d»e Reservation/Aloha flag to reservation 



On 



completion of the above procedures the base station enters die channel idle state (I) 
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RECEIVE RESERVATION BLOCKS STATE (4) 

While in the receive reservation blocks state (4) base station 24 attempts to 
detect and synchronize to, the reverse channel subscriber device 26 transmission 
of reservation blocks. The transmission from subscriber device 26, if present, 
5 includes ail embedded synchronization sequence that is present in each of a 

predetermined number of reservation blocks. The number of blocks will be 
identical to that requested in the initiai reservation request and allocated by base 
. station 24. , , . 

IF the base station acquires synchronization with a reverse channel 

10 . transmission 

THEN the base station attempts to decode a reservation block for each 
allocated block that has been reserved 

Procedures for Mode 2 (Aloha and Serve One Reservation at Random) 
15 Operation. 

IF the base station is operating in Mode 2 and has successfully acquired synchronization with die 

subscriber transmission 

THEN two blocks prior to the completion of the subscriber cransmisston die base station sets the 

20 Reservation/Aloha flag to Aloha and sets the Reservation Identifier to the null value 

On completion of (he subscriber transmission the base station enters the channel idle state (1). 



25 



wo 98/37669 PCT/SE98/00326 

-54- 

Procedures for ?/Iodes 1 and 3 (Aloha and Queued Reservations) Operation. 

IF ^ ^tfie base starioji !S operating m Mc4e 3 and has suwssft acquired synchronization with the 

subscriber transmission 

- blocks prior to the completion of the subscriber transmission the base station re-examines the 
5 *• ' ■ reservacion queue' i . .. ' 

IF . the reseiyation queue is ernpty 

THEN the base station sets die Reservation/ Aloha flag to Aloha and sets the Reservation Identifier 
to the nuH value , t . 

j^Q On completion of the subscriber transmission the base station enters die channel idle state 

(1). 

ELSE the base station sets die Reservation Identifier to die identification value of die next 
subscriber device in the reservation queue and remains in the receive reservation blocks 
15^ ■ " ^ ' 'staieW • ' ' ' 

; IF : , : ti;e base s^tion ts operating in Mode 3 and detennines^^ 
the subscriber transmission is absent 
THEN die base station maintains die Rescrvation/Aioha flag indicating reservation, sets die Reservation 

I(5c^,ificr TO die identification value of the next subscril»er<^^^ 
20 in the receive reservation blocks state (4) 

System Stability 

The benefits of the present invention may further be xmderstood in the context 
of Aloha system performance. The dynamics of the stability issue may be revealed 
if the throughput versus attempt rate response (S vs. G curve) of an existing slotted 
25 Aloha system is considered, as illustrated in FIG. 24. Misinterpretation of the 

system's performance occurs because it would appear that provided the attempt 
rate (G) is kept below unity, the channel utilization (S) would appear acceptable 
and stable." Unfortunately this static interpretation is flawed because it does not 
reflect the time based dynamic behavior of the system. The Aloha system is stable 
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if and only if the departure rate is equal to the arrival rate. Consider the scenario 
when the attempt rate is unity. For every 10 transmission attempts, approximately 
3 are successful. The 7 unsuccessful packets will become queued for re- 
transmission. During a subsequent time interval in which another 10 transmission 

5 attempts are executed, bnly 3 tran^niiission attempts may correspond to new 

packets that have arrived if stability is to be achieved. If less than 3 new packets 
arrive, the operating point on the Aloha response curve will drift to the left and 
the channel utilization will fall. This is a satisfactory occurrence because although 
the channel is not being utilized at its maximum, the delay experienced with the 

10 delivery of each packet is negligible arid the system appears to provide excellent 

service to all users. However, if the number of new arrivals exceeds 3, the 
number of traiismission attempts in a subsequent interval of time will exceed 10 
and, as a consequence, an increase in the number of collisions will be observed. 
This will cause the number of successful transmissions to fall, which results in a 

15 decrease in channel utilization and a further increase in the nxmiber of attempted 

re-transmissions dmring a subsequent time slot. Consequently, the operating point 
to drifts to the right of the optimum operating point. If the new arrival rate 
continues to exceed the successful departure rate then the operating point will 
continue to drift to the right. This is a highly undesireable scenario because the 

20 channel utilization falls and, as a consequence, so does the level of revenue- 

bearing traffic. The delay associated with the delivery of each packet dramatically 
increases and the quality of the system that is perceived by the users falls. This 
scenario is often referred to as an Aloha or Reverse channel collapse. 
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To prevent Aloha instability/ a subscriber device 

transmit each packet a finite number of times. Furthermore, each re-transmission 

is required to be delayed by an exponentially increased delay. It is important to 

realize that thds back off policy does not eliiiiinate the possibility that system 

5 instability can occur; rather the possibility is s^^ Furthermore, 

if the channel utilization does fall because thb attempt rate has exceeded the 

maximuni that the system can supptort, then the back off policy provides a 

mechatiism for recovery if instability occurs. The stability issue is normally 

addi^sseJ^ by ' 

10 IF a transmission attenipt fails 

THEN ' the subscriber device wiir delay a subsequent transmission 

:o attempt by a random time inietvaJ ^ . 
JF the number of transmission attempts exceeds a predetermined 

threshoid 

15 THEN the subscriber device will discard the queued packet and abort the 

transmission attempt 

The first rule minimizes the possibility that two or more subscriber devices 
will execute re-transmission attempts after an initial collision in an identical time 

20 slot. This approach provides an effective splitting algorithm that prevents 

continuous repeating collisions but it doeis not reduce the actual attempted traffic. 
The second rule provides a form of non-persistence which allows the system to 
recover and the operating point to actually drift left towards the desirable 
operating region. The rule effectively increases the departure rate, and departures 

25 are now partitioned between those that are successfully transmitted and those that 
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are abandoned. The non-persistence rule introduces a change in the system 
behavior.. Referring novv tp FIG,, 24, if the system is operating at the optimum 
operating point and the successful departure rate is matched by the attempted 
traffic of both new arrivals and ;re-trajismissions, then the operating point will 
_ 5 remain at this position. If . a transient increase in the attempted traffic rate occurs, 

then the operating , point will drift to the right m 

If the rate of new arrivals decays to the original rate, the non-persistence rule will 
slowly flush the excess packets queued for transmission and the operating point 
will recover and drift, left tow^ds the point 

10 The above stabilization procedure is typically only viable in systems where 

the. contribution to the attempted traffic from new arrivals is essentially steady, 
predictable and sufficiently low so that the total attempted traffic rate can remain 
at or below unity. The technique can control short term transient increases in the 
arrival rate, which are assumed to be infrequent, and the associated loss in 

IS channel utilization can be tolerated. FIG. 25 illustrates a scenario in which this 

stabilization technique fails. If the number of new arrivals exceeds the departure 
rate (bo^ successft^l and aborted) then the operating point will continue to drift 
^ to the "8^^ This -scenario could quite dasily occur for a two-way paging and 
messaging system utilizing Aloha during the busy hour (just prior to lunch) in an 

20 , . oyer subscribed downtown cell. Despite the fact that the channel is incapable of 
supporting the traffic voliime, it would be desirable for the channel to be utilized 
effectively by: a subset of the subscriber population so that the service provider 
„ . . .. could still generate a revenue-bearing traffic stream. This capability is provided 
by the dynamic access methods and apparatus of the present invention. 
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In the drawings and specification, there have been disclosed typical preferred 
embodiments of the invention and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for purposes of limitation, the 
scoj)e of the invention bemg set forth in the following claims. 
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. THAT:WfflCH IS CLAIMED: 

1. -i A channel access method for communicating a data packet over a 
multiple access conununication network haying a forwarcl. channel and a reverse 
channel comprising the steps of: 

periodically broadcasting a channel control packet on the forward channel; 

receiving one of the broadcast channel control packets; 

reading the received channel control packet to determine if a contention or 
reservation mode is indicated; 

determining if the data packet to be communicated exceeds a predetermined 
size; 

transmitting the data packet on the reverse channel if contention mode is 
indicated in said reading step and if the data packet size is no larger than the 
predetermined size in said detemiining step; 

transmitting a reservation request on the reverse channel if contention mode is 
indicated in said reading step and if the data packet size exceeds the predetermined 
size in said determining step; and, then, 

receiving a second one of die broadcast channel control packets; 

reading the received second one of the broadcast channel control packets to 
determine if reservation mode is indicated; and, 

transmitting the data packet on the reverse channel if reservation mode is 
indicated in said step of reading the received second one of the broadcast channel 
control packets. 
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2. . ■ The channel access method of Claim 1 wherein the following steps are 
perfomied following said step of transmitting a reservation request on the reverse 

channel: _ ' • '■ 

■:. receiviag the transmitted reservation request; and, . 
broadcasting a channel control packet on the fo^^y?^d channel responsive to the 
; received transmitted reservation request indicating reservation mode. 



. 3; " - The channel access method of £laim :2, w^^ reservation request 

includes an identifier associated with a device transmitting a reservation request 
and wherein the following steps are performed after said step. of receiving the 
transmitted resei'vation request: : 
5 , reading the reservation request to. determine the identifier associated with the 

device tcamraitting the reservation request;, and, > , 

determining if rcservatioc mode access to the reverse channel is available to 
; die device transrnittsng the reservation request; and T. 

wherein said step of broadcasting a channel control packet on the forward 
10 channel responsive to the received transmitted reservation request includes the step 

of broadcasting a chamel corxtroVpacket indiGating:reseyva«^^ 
an access device identifier associated with the device transmitting the reservation 
request if it is determined that reservation mode access is available in said 
determining if reservation mode access to the reyeree channel is available step; 
15 and, - ' - <. .v 
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whereiii said step of reading the received second one of the broadcast channel 
control packets to determine if reservation mode is indicated includes the step of 
reading the access device identifier; and, 

wherein said step of ttansmitting the data packet^ on the reverse channel if 
reservation mode is indicated includes the step of transmitting the data packet only 
if the received access device identifier identifies the device attempting to transmit 
the data packet. 

^ 4. The chSiu kcces^ method of Claim 3 wherein the reservation request 
further includes ah indication of the size of the data packet to be transmitted. 

5. The channel access method of Claim 2 wherein the forward channel is 
' delineated into forward channel blocks and wherein reverse channel transmissions 
are synchronized to correspond to forward channel blocks and wherein said step 
- of periodically broadcasting the channel control packet includes the step of 
broadcasting a channel control packet in each of the forward channel blocks. 

' The chaniiel acicess method;of Claim 5 wherein the following step is 
■performed following said sfep^^o the received channel control packet to 

determine if a contention or reservation mode 
• selecting one of a predeterniined number of contention mode transmission 

windows ^ corresponding to portions of the forward channel block designated for 
contention mode transmission; and 
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10. The channel access method of Claim 5 wherein the channel control 
packet further includes an acknowledgraent status flag associated with a preceding 
one of the forward chaimel blocks indicating whether a transmission was received. 

1 L The channel access method of Claim 10 wherein said step of reading the 
received channel control packet to determine if a contention or reservation mode 
is indicated includes the step of reading the acknowledgment status flag of the 
received channel control packet to detemiine if a previous transn:iission was 
received and whereiii the following step is performed following said step of 
reading the received channel control packet: 

submitting for retransnaission a preceding transmission if the acknowledgment 
status flag of the received channel control packet indicates that the preceding 
transmission was not received. 

12. The channel access method of Claim 3 wherein said step of receiving the 
transmitted reservation request includes the step of receiving a plurality of 
transmitted: reservation requests and wherein said step of determining if reservation 
mode access to the reverse channel is available includes the step of queuing the 
plurality of received trarisnaifted reservation requests for reservation mode access 
to the; reverse chiannel. < 7 : r ; : : v ^ 

13. The chaimel access method of Claim 3 wherein die channel control packet 
further includes an acknowledgment status flag associated with a previously 
transmitted data packet indicating whether the data packet was received- 
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14. The channel access method of Glaim 13 wherein said step of reading the 
received chaimel control . packet to detenmine if a contention or reservation mode 
is indicated includes the step of reading the aclcnowledgment status flag of the 
received channel control packet to determine if a previously transmitted data packet 
5 - was received and wherein; the following step is performed following said step of 

reading the received channel control packet: . V 

: submitting for retransmission a previously transmitted data packet if the 
acknowledgment status flag of the received channel control packet indicates that 
, V . . the previously itrahsT^ 

. 15/ The channel access method of Claim 1 wherein the multiple access 
conMnunication network is a wireless network. 

16. The channel access method of Claim 15 wherein the wireless network 

is a cellular network. \ - : : , . .. v 

; -17 . -The chazmel access method of Claim 1 wherein the following steps are 
performed foUowing, said; reading step: , . 
^ . V determiiiing'if the received packets were received without er^^ 

generating a dynamic access control parameter for, regulating access to the 
5 reverse channel based on whether the received packets were received without 

error; .and - / * > .i 
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■ wherein said step of periodically broadcasting a channel control packet includes 
the step of periodically faroadeastiiig a channel control packet including the 
generated dynaniic access control param 

18: The channel access method of Claim; 17 wherein the following steps 

are performed following said reading step: 

reading the dynamic access control parameter iri the received channel control 
packet;- ' ■ : 

^ ^eiie^ating an: ac^ limit vahle; and ^ 

submitting a packet for transmission if the generated access control limit value 
satisfies the dynamic access control parameter. 

19. The channel access method of Claim 1 wherein said reading step 
includes the step of reading the received channel control packet to determdne a 
reverse chaimel operation mode. 

20. A forward chamiel transmission apparatus for usie in a multiple access 
cornmunication network having a fonvard channel and a multiple access reverse 
channel, the apparatus comprising:- * i ■ 

broiadcasting meaiiis operatively connected to said forward channel for 
broadcasting a chaimel control packet on said forward channel, said channel 
control packet including an indication of reservation or contention mode and an 
identifiet; " ' 
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receiving means: operatively connected to said reverse channel for receiving a 
data packet on .saicl reyierse channel and for receiving a reservation request 
including an identifier associated with the requesting device on said reverse 
channel; 

, reading means responsive, to said receiving means for reading said reservation 
request to determine said identifier associated- with said requesting device; 

determining means responsive to said reading .means for determining if 
reservation mode access to said reverse channel is available to said requesting 
device and for detei^iiinipg mode will be selected 

for said reverse channel; and, ^ . ^ . 

generating means responsive to said determining means for generating said 
channel control packet including setting said reservation or contention mode 
indication and said identifier. : 

21. The forward chaimel transmission apparatus , of Claim 20 wherein said 
determining means further comprises means for determining if said data packet or 
said reservation request have been successfully received and wherein said channel 

; ; control packet further includes an acknowledgment of successfully received data 
packets or reservation requests and wherein said generating means further includes 
. means , for. setting .said acknowledgment of siiccessfully . received data packets or 
reservation requests. V. 

22. The forward channel transmission apparatus of Claim 20 further 
comprising means for queuing a plurality of said reservation requests. 
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23. The foT^Bxd channel transmission apparatus of Claim 20 wherein said 
forward channel is delineated into forward channel blccte and wherein said 
broadcasting means includes means for broadcasting one of said channel control 
packets in each of said forward channel blocks and wherein transmissions on said 
reverse channel are synchroi^ed to correspond to said forward channel blocks and 
wherein said generating means further includes means for generating and providmg 
to said broadcasting means one of said channel control packets including an 
indication of reservation or contention mode and an identifier associated with a 
kibsequen^ ' 

24. llie forward channel transmission apparatus of Claim 20 wherein said 
multiple access communication network is a wireless network. 

25. The forward channel transmission apparatus of Claim 20 wherein said 
wireless network is a cellular network. 

26. A reverse channel transmission apparatus for me in a multiple access 
communication network having a foiv/ard chamiel and a multiple access reverse 
channel, the apparatus comprising: - : u • 

receivmg means for receiving a channel control packet on said forward 
[ channel; '-t o-.:; v , 

reading means operatively connected to said receiving means for reading said 
received channel control packet to determine if a contention or a reservation mode 



Bi5g§88fi:R;v&l?f^9^»J_i ^ 
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is indicated and if an identifier associated with said reverse channel transmission 
apparatus -is included vin said channel control pac 
10 : determining means for r determining if a data packet to be communicated 

> exceeds a predetermined size; l v i ; . 

. 'vmeansi responsive to said reading means and^said determining means for 
- transmitting said data Tpacket on said reverse channel if contention mode is 
indicated and if said data packet is np larger than said predetermined size and for 
15 transmitting said data packet on said reverse channel; if reservation mode is 

indicated and if an ideotifiej: cussociated with said reverse channel transmission 
apparatus is included in said channel control packet; and, 

- means responsive to said reading means and said determining means for 
transmitting a reservation request on said reverse channel if contention mode is 
20 indicated and if the size of said data packet exceeds said predetermined size. 

27. The reverse channel traxismission apparatus of Claim 26 wherein said 
means for reading said received channel control packet includes means for reading 
^ s an acknowledgment status flag in said channel control , packet to determine if a 
previously transmitted data packet was received and wherein said reverse channel 
5 transmission apparatus further comprises: - . 

w. memis responsive to. said^reading meam fo^ 

previously transmitted data packet if said previously transmitted data packet was 
'.. ^ not received, v'i:' ^ : i-^:-.- 
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28. The reverse channel transmission apparatus of Claim 26 wherein said 
forward channel is delineated into forward channel blocks and wherein 
transmissions by said means for transmitting data packets and said means for 
transmitting reservation requests are synchronized to correspond to said forward 
channel blocks and wherein said means for transmitting data packets and said 
means for transmitting reservation requests transmit in a selected subsequent one 
of said forward, channel blocks associated with said received channel control 
packet, 

29. The reverse channel transmission apparatus of Claim 26 wherein said 
multiple access conmiunication network is a wireless network. 

30. The reverse channel transmission apparatus of Claim 29 wherein said 
wireless network is a cellular network. 
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